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OF THE 
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Fourth Series 

Vol. XXIX, No. 1, pp. 1-19, 22 figs. November 26, 1956 

THE LARVAL DEVELOPMENT OF THE CALIFORNIA 

SPINY LOBSTER, PANULIRIS INTERRUPTUS 

(RANDALL), WITH NOTES ON PANULIRUS 

GRACILIS STREETS’ 

BY 

MARTIN W. JOHNSON 

Scripps Institution of Oceanography 

University of California, La Jolla, California 

a 

INTRODUCTION 

The California spiny lobster, Panulirus interruptus (Randall), is the 

only lobster occurring on the coast of California. Its main distributional 

range is usual:y considered to be from slightly north of Point Conception, 

California, to the Gulf of Tehuantepec, Mexico. 

For many years it has been a highly prized item in the fisheries of 

California and is considered eleventh in importance by value among the 

fisheries of the state (Wilson, 1948). The amount of research accorded 

the lobster has, however, not been commensurate with this economic im- 

portanee or with its biological interest. 

During its life history, the spiny lobster passes through a series of 

eleven floating larval “phyllosoma” stages in which the body is highly 

transparent and exceedingly compressed dorsoventrally. The last phyllo- 

soma stage metamorphoses to a ‘“‘puerulus” stage in which the animal is 

still transparent but structurally similar to the adult. The puerulus of 

some species may be found in plankton, but evidently it soon deposits 

calcium in the carapace and seeks the bottom to live in concealment. 

1 Contribution from Scripps Institution of Oceanography, New Series, No. 878. 

[1] 



2 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4TH SER. 

Allen (1916) carried out certain fundamental observations on the adult 
animals particularly in the vicinity of Santa Barbara, the Channel Islands, 
and La Jolla. His findings are especially pertinent to the present study 
in showing that the berried females may carry 5,000 to 500,000 eges each, 
depending upon size, and that the spawning season extends from March 
to August with its maximum activity in May, June, and July. He con- 
cluded that a period of from nine to ten weeks is probably required for 
hatching. The young hatched readily in aquaria, but attempts at rearing 

Figure 1. Stage I of Panulirus interruptus phyllosoma hatched in aquarium. 

Labels: a1, first antenna; a2, second antenna; cs, coxal spine; en, endopod; ez, 

exopod; mxp 3, third maxilliped; p 1, p 2, p 3, first, second, and third legs. 
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the larvae were futile. Other investigators have had similar experiences 

in attempts at rearing the phyllosoma larvae of other species. In a recent 

study, Lindberg (1955) found a maximum of 800,000 eggs produced by 

large females. The spawning season was essentially the same as indicated 

by Allen (1916). 

With regard to our knowledge of the biology of phyllosoma larvae 

in nature, rather little is known because of their scarcity, coupled with 

the lack of complete and identified developmental series. Their offshore 

or oceanic distribution also adds to the difficulty. 

In 1919 Sehmitt published a brief note on phyllosoma larvae caught 

off the coast of southern California. Larvae of several sizes were observed. 

The details of structure and stages of development were, however, not 

worked out in any ease, but a photograph was included showing a large 

specimen which appears to represent either the tenth or the eleventh phyllo- 

soma stage. 

A practical understanding of the biology of the California spiny lobster 

will require information regarding the abundance and extent of dispersal 

of its planktonic larvae from various areas within the geographical range 

of the species. It is probable that many of the larvae produced in the 

northern range of adult distribution are lost by drifting away from the 

area with the California Current. Unless many of the northern larvae 

are returned by some circuitous route in large local eddies, the mainte- 

nance of the local stock would depend in considerable measure upon re- 

eruitment of larvae from more southern waters, probably with the Da- 

vidson Current. A knowledge of the duration of the planktonic larval 

stages and the rate and direction of ocean currents is highly important 

in this connection, but we have no direct information on how long the 
larvae live in the plankton, though studies now in progress of the seasonal 

distribution of the stages point to a planktonic period of several months. 

The series of phyllosomas examined from plankton collections along 

the California coast to south of Cedros Island have not revealed any sig- 

nificant irregularity in structure, shape, or size, of the various develop- 

mental stages, indicating that only one species is involved in the northern 

range. However, Panulirys gracilis (until recently known as Panulirus 

mflatus (Bouvier) ) does overlap the southern range of Panulirus inter- 
ruptus at least in small numbers and enters into the commercial catch 
of Mexico, (Chase and Dumont, 1949). In a review of the conflicting 
synonymy of P. inflatus, Holthuis (1954) has concluded that the species 
is a synonym of P. gracilis Streets. The latter, being the older name, must 
be used. 

The larvae of P. gracilis may be expected to drift northward should 

they be caught in the Davidson Current, especially during its maximum 

development along the coast. For this reason, among others, it is essential 
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that the larval structure be known in detail in order to facilitate definite 

identification of the planktonie stages of the two species. This identification 

can now be made as a result of a study of larvae caught within the range 

of P. gracilis south of Point Eugenia and within the Gulf of California. 

The larvae of the two species are distinguishable on small but definite 

structural characteristics, which will be briefly mentioned here and re- 

ported upon in detail later. 

A survey of the seasonal and spatial distribution of the larvae is in 

progress. 

THE PHYLLOSOMA STAGES OF P. INTERRUPTUS 

Large numbers of the first phyllosoma stage were obtained in 1940 by 

hatching of eggs from a berried female kept in an aquarium (figure 1). 

Subsequent stages (figures 2 to 18) were all obtained from plankton hauls, 

especially from collections made along the coasts of southern and Baja 

California in connection with the Marine Life Research Program of the 

California Cooperative Oceanic Fisheries Investigations. 

‘areful anatomical analysis of large numbers of larvae reveals eleven 

rather poorly defined developmental stages as summarized in table I. There 

is a considerable range in size within each “stage,” especially in the later 

stages, and specimens are often observed in which structures such as newly 

added legs, exopods, gills, second maxillae, and first maxillipeds show 

noticeable range in size or shape or even degree of segmentation. Whether 

or not this signifies a molt within the stage is not known, but it may be 

significant that the more advanced occur in the upper-size range for the 

stage represented. 

The fore-body (cephalic shield) of Panulirus interruptus is pear-shaped 

in outline in the early stages, and is much wider than the hind-body 

(thorax) during the first and second stages. But in the third stage, the 

hind-body has attained the width of the fore-body and remains thus dur- 

ing the subsequent stages. The pear-shaped fore-body of the earlier stages 

later becomes more uniformly oval as shown in figure 18. In no stage is 

the posterior margin of the hind-body deeply indented. 

In stage I, the eyes are not stalked, but in stages II to XI, they are on 

definite slender stalks which increase steadily in leneth with each molt. 

In all stages there is present a median eye spot. 

The first antennae (antennules) exceed in length the second antennae 

(antennae) during the first four stages, after which the second antennae 

Figures 2-5. Stages of Panulirus interruptus phyllosoma (continued). Labels: 

p 3, p 4, third and fourth legs. The distal ends of lengthy appendages showing no 

significant changes from stage to stage have been omitted in these and subsequent 

figures. 
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Figure 2. Stage II. Figure 4. Stage IV. 

< 4 Figure 3. Stage III. Figure 5. Stage V. 
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Figure 6. Stage VI. 

Figure 6a. Stage VI, Tip of third maxilliped. 

Figure 6b. Stage VI, Tip of first leg. 

Figure 6c. Stage VI, Tip of third leg. Figure 7. Stage VII. 

Figures 6-7. Stages of Panulirus interruptus phyllosoma (continued). Labels: 

p 4, p 5, fourth and fifth legs. 
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progress rapidly with each successive stage until in stage XI they exceed 

in length the fore- and hind-body combined. 

In stage I, the distal end of the first antenna bears a tuft of 4 setae 

and in each subsequent stage additional tufts are added proximally as 

transverse rows of setae. The endopod is first evident as a low bud in 

stage IV. In following stages it elongates, becoming a true branch, but re- 

mains small throughout the development and is not a free segment until 

stage VIII. Beginning in stage VI (sometimes stage VII), there are three 

segments in the pedunele, the first segment being equal to the combined 

leneths of segments two and three which are subequal. These proportions 

remain about the same in the next two stages, but in stages VITI-XI the 

third segment is somewhat longer than the second though both combined 

still equal the length of the first segment. 

The second antennal peduncle becomes three segmented in the seventh 

or eighth stage. These segments remain about equal, the third being 

slightly the longest. 

The structure of the mandibles and the first maxillae in stage XI is 

shown in figure 16. These appendages are very short and strong. The 

mandibular blade, when viewed from the ventral side of the larva, 1s seen 

from the edge. In figure 16, it is tilted slightly and the labrum lifted to 

show the broad scoop-shaped blade with the stronger teeth at the outer 

and inner angles. The two branches of the first maxillae are armed re- 

spectively with three strong hooks and three flexible setae, but prior to 

stages VII and VIII there are only two hooks and setae. There is present 

a small vestigial palp bearing two setae. In stage I the palp is prominent 

but diminishes in intermediate stages and later again enlarges. 

Thus these mouthparts, together with the second maxillipeds which are 

armed at the tips with small claws and heavy setae (figure 15) indicate 

that the larva must feed upon particulate material gathered without the 

aid of a real filtering device. 

The second maxillae in the first stage are composed of two segments, 

the distal one being much narrower. Each segment bears four long setae 

which in intermediate, and later stages are lost or shortened. There is 

but little change in this size relationship (figure 11) until about the sixth 

stage and in ensuing stages when the segments become noticeably flattened 

and the distal segment increases greatly in breadth especially posteriorly 

(figures 12-15). Similarly the first maxillipeds are at first simple buds 

which in the later stages gradually increase to three-lobed appendages 

(figure 15). 

The second maxillipeds are functional feeding appendages in all stages. 

There is no change from the first until the eighth stage when an exopod 

bud appears. In stage IX, this bud becomes separated as a short segment 

which in the next stage elongates and bears 2 to 4 setae at the tip and 
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a gill bud appears on the distal portion of the coxa. In stage LX, the exopod 

has become setose with five or six pairs of setae, the gill has become leaf- 

like, and a second gill bud has appeared on the proximal portion of the coxa. 

The third maxillipeds are very long and the exopod is already present 

and setose in the first stage. With each successive stage there is, however, 

an increase in the number of segments in the exopods. The number of 

segments as shown by the number of pairs of setae appears to be regular 

for each of the earlier stages, but become irregular in the later. The range 

in numbers of exopod segments for the third maxillipeds and the first 

and second legs for stages I to XI is respectively: 4 to 25; 6 to 32; and 

6 to 33. 

The principal features of the development of the legs, especially the 

third, fourth, and fifth pairs, are adequately covered in table I which, 

together with the figures, will show the changes taking place with each 

stage. In contrast to the rapid development of the fourth legs, the fifth 

pair remain as very small buds through stages IIT to VII, and never exceed 

the abdomen in length. In no stage of the development of the legs is there 

present a strong spine at the distal end of the second basipods as shown 

for Panulirus gracilis (figure 22). 

The inner branches of the legs are readily lost so that a complete 

attached set of legs has not been found beyond the sixth stage, but judging 

from loose appendages found in the jar with the later stages the end seg- 

ments do not change after stage VI (figures 6a—6d). 

Coral spines are present in the first to ninth stages, but are usually 

all lost in the tenth, and are never present in the eleventh. 

In stage X gills are present on the dorsal distal end of the coxal seg- 

ment of the maxillipeds and legs and in stage XI they occur also on the 

proximal portion of the coxa at the juncture of the carapace and on the 

dorsal margin of the thorax at the base of these thoracic appendages. 

In stages V to XI, there are present spines on the ventral surface of 

the thorax at the bases of the third maxillipeds and each of the legs. 

The abdomen, in stages I to V, remains about the same with two small 

points at the tip. Complete segmentation occurs in the ninth stage though 

earlier indications of segments may be seen as blocks of tissue under the skin. 

The wropods become evident as buds in the sixth stage. They increase 

in size and definition with each successive stage and in stage IX are well- 

formed biramous appendages, but the rami are not separated from the 

basipods and their outer edges are entire. Upon reaching the tenth stage, 

the uropods are completely segmented and a small notch with a marginal 

Figures 8-17. Stages of Panulirus interruptus phyllosoma (continued). Labels: 

ex, exopod; g, gill; mx 2, second maxilla; maxp 1, maxp 2, first and second maxilli- 

peds; p4, p95, fourth and fifth legs. 
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Figure 8. Stage VIII, anterior end. Figures 11-12. Stages IV and VIII, second 

Figure 8a. Stage VIII, posterior end. maxilla with first and second maxillipeds. 

Figure 9. Stage IX, anterior end. Figure 13. Stage IX, same, reduced scale. 

Figure $a. Stage IX, posterior end. Figure 14. Stage X, same. 

Figure 10. Stage X, anterior end. Figure 15. Stage XI, same. 

Figure 10a. Stage X, posterior end. Figure 16. Stage XI, mouth parts: labrum 

(Figures 8-10a drawn to same scale.) (1) ; mandible (m); first maxilla (mz 1). 

Figure 17. Stage XI, pleopod. 
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Stage XI of Panulirus interruptus phyllosoma. Figure 18. 
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spine occurs on the outer margin of each branch (figure 10a). In the last 

stage, this notch and spine are more pronounced. 

The pleopods appear first in the eighth stage, but they may be indi- 

cated earlier under the skin. In stage IX, they may appear either as blunt 

notched projections or somewhat more advanced, more elongated and flat- 

tened structures. In the next stage, they are more leaf-like and a notch 

appears on the inner margin of the endopod. Complete segmentation occurs 

in the last stage and the notch on the inner border now sets off a well- 

defined blunt spine-like process (figure 17). 

THE PHYLLOSOMA OF PANULIRUS GRACILIS 

Phyllosoma larvae of another species of Panulirus have been collected 

on 10 separate cruises at a total of 19 stations lying off Baja California, 

and on two cruises at eight stations in the Gulf of California. These larvae 

are being referred to Panulirus gracilis, the only other species known from 

the West Coast. 

From figure 22, it will be seen that this larva resembles that of Panulirus 

interruptus but in distinction from that species, possesses a strong spine 

at the distal end of the basipod on the posterior dorsal side of the segment 

closely adjacent to the exopod of each of the first three pairs of legs (figure 

22 sp.). The complete series of larvae have not yet been found, but the 

spine persists as a distinguishing characteristic up through at least the 

eighth stage. Other differences have also been observed, but more material 

is needed for further study. 

THE PUERULUS STAGE OF PANULIRUS INTERRUPTUS 

(Figures 19-21) 
- 

_ During the metamorphosis from the last phyllosoma stage to the puer- 

ulus, the cephalic shield of the phyllosoma is greatly reduced in length 

and width. The thoracie¢ region is also narrowed and fuses with the cephalic 

shield to form the cephalothorax. Thus the two erstwhile leaf-like distinet 

anterior regions of the larvae now appear as one region (figure 19). This, 

however, remains to some degree dorsoventrally compressed and adult 

spination is beginning to appear on the dorsal surface. The abdomen has 

become slightly broader and noticeably longer. Other conspicuous changes 

include loss of the exopods of the thoracic appendages, reduction in the 

Figure 19. Puerulus stage of Panulirus interruptus, dorsal view. 

Figure 20. Puerulus of P. interruptus, diagrammatic habit sketch. 

Figure 21. Puerulus of P. interruptus, first pleopods. 
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leneth of the eye stalks, and a greatly increased length of the second an- 

tennae to three times the body length. 

The puerulus, while similar in appearance to the adult, is wholly trans- 

parent except for the eyes and pigment bands at intervals along the sec- 

ond antennae, and the walking legs are carried more laterally (figures 

19 and 20). The larval median eye is still present and statocysts occur in 

the first segment of the first antennae. 

The larval peripodal exopods which served as swimming organs in 

the phyllosoma stage are wanting and the animal is now apparently in the 

process of deserting the planktonic habit, but before deserting this pelagic 

existence the pleopods have developed into efficient swimming appendages. 

They have become heavily setose and each endopod bears a strong coupling 

process provided with hooks to interlock with a similar process of the oppo- 

site endopod (figure 21). Thus, in swimming, the appendages lend support 

to each other for more efficient propulsion. 

Only a few specimens of the puerulus stage have been caught and these 

only from near-shore sampling at La Jolla, April, 1947; in Baja Cali- 

fornia at Bahia San Roque, September, 1949; and at Cedros Island, August, 

1952, where John MeGowan of Seripps Institution dip-netted four speci- 

mens. The animals are attracted to a light at night and most specimens 

have been caught in this way. The transverse dorsal grooves characteristic 

of the abdominal segments of Panulirus interruptus in older stages were 

not yet formed in the specimens. The size ranged from 20 to 21 mm. This 

agrees with the size reported by Gilchrist (1916) for Jasus lalandw in 

which phyllosoma of 33 to 35 mm. produced puerulus stages ranging 

from 22 to 26 mm. in length. 

DISCUSSION 

It has generally been assumed that the phyllosoma larvae are planktonic 

up to the puerulus stage. However, in experimental cultures Gilchrist (1916) 

found that after about six days the first phyllosoma larvae of Jasus 

lalandiit avoid light and return to the bottom. But the evidence is not 

clear on this point for he mentions the possibility of larvae seeking the 

bottom following each molt. Von Bonde and Marchand (1935) make a 

similar statement regarding the first phyllosoma of that species, and Kino- 

shita (1934) indieates the same for Panulirys japonicus. In no case was 

the duration of the whole series of phyllosoma stages known. 

Studies made on Panulirus longipes in Australian waters led Sheard 

(1949) to conclude that early phyllosomas are found in surface waters; 

the mid and late stages in mid to surface waters (migrating diurnally) ; 

and the late phyllosoma and puerulus stages in surface water. The dura- 

tion of larval life was estimated to be about five months. 

The phyllosoma larvae of the California spiny lobster have not been 
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taken in large numbers per haul in the plankton off the southern California 

coast. Usually they are widely dispersed and when present occur as one 

or a few individuals at a station. Stage I may, however, be quite abun- 

dant during August and September at coastal stations, especially off Baja 

California. The maximum concentration observed (cruise 28 station 105.32) 

was 488 per 1000 cubic meters of water strained by a 1-meter net. Data 

from analysis of plankton collected monthly over a period of several years 

from north of Point Conception to the tip of Baja California, and compris- 

Figure 22. Stage I of Panulirus gracilis phyllosoma. Label: sp, spine. 
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ing hundreds of stations with routine sampling from 140-0 meters with 

a 1-meter net, show that complete cruises over the whole area sometimes 

yield no larvae whatever or only one to five late-stage individuals during 

January through May. More complete analysis of these data is needed and 

will be given in a later report. The finding of later stages floating above 

the 140-meter level in waters of depth ranging to several hundred meters 

and over 300 miles from shallow water shows that at least many of the 

larvae of our species do not seek the bottom regularly in the phyllosoma 

stages. 

The scarcity of the larvae in general may, however, indicate in part a 

tendency of the larvae to seek levels so near the bottom that they are not 

adequately sampled by most of our plankton towing. That this may be so, 

at least in shallow water, is suggested by the finding of twenty specimens 

in a dredge haul made by Robert Bieri and John Bradshaw of Seripps 

Institution with a small specially constructed net dragged along the bot- 

tom for a distance of 17 meters at a depth of 13 meters. These larvae were, 

however, all in stage I and may have been just recently released in the 

area and not yet undergone dispersal by swimming or water currents. 

Midwater-trawl hauls of long duration taken at depths ranging to 1500 

meters or more over very deep water have yielded later stage larvae. The 

depth of actual catch, however, is not known and the amount of water 

screened in these hauls is relatively enormous when compared with that 

screened during the 1-meter net hauls. In view of the many deep hauls that 

have not yielded larvae, no conclusions can be made from these instances 

relative to the depth of concentration or habit of seeking the bottom. 

Nakamura (1940) working with the Japanese species, Panulirus japon- 

icus, states that the embryonie period is passed through in about one month 

and he deduced from related data that the phyllosoma stages require about 

the same length of time to reach the puerulus stage. This seems much too 

short a period. 

The status of the systematics of phyllosoma larvae was reviewed by 

Gurney (1936) in his analysis of the Discovery collection which in some 

400 specimens contained about a dozen different generic or specific forms. 

Owing to lack of complete series, however, characters used for recognition 

of several genera, including Panulirus, were given with considerable res- 

ervation. The present complete series of larvae of Panulirus interruptus is 

therefore of special use toward establishing the characters which delineate 

that genus. 

The larval structure of Panulirus interruptus agrees in general with 

that of larvae known or believed to belong to other species of the genus. 

There is, however, a notable difference, no doubt specific, in the relative 

widths of the main divisions of the body of the older larvae. 

On the basis of material available to him, Gurney (1936) concluded 
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provisionally that in the genus Panulirus the hind-body is wider, sometimes 

much wider, than the fore-body. This diagnostic characteristic was estab- 

lished for later stages on Gurney’s Panulirus larvae A, B (P. argus), 

and D. Later Lebour (1950) and Lewis (1951), dealing with Panulirus 

argus, verity that the hind-body of that species becomes noticeably broader 

in the later stages. In Panulirus interruptus, however, the character does 

not hold, for in this species the hind-body has attained the width of the 

fore-body in stage III and remains equal in width throughout the ensuing 

stages. Thus the diagnostic description must be amended to accommodate 

not only the young stages of Panulirus argus as pointed out by Lebour 

(1950) but also the later stages of the present species. This makes it a 

rather unreliable generic characteristic, but useful specifically. 

Just what larval details must be stressed in the diagnosis of the species 

of Panulirus are, of course, not fully established as yet and it is likely 

that useful characters have been overlooked or omitted in the descriptions 

of series or isolated stages of larvae. Among the characters that may have 

some specific use are the spines observed in Panulirus mterruptus on the 

ventral side of the thorax at the base of each leg. Such spines are not shown 

or mentioned for other species, but Lewis (1951) in figure 4 B. and C. does 

show a series of structures suggesting low knobs on the ventral mid-line 

of the thorax in later stages of Panulirus argus. The presence and degree 

of persistence of coxal spines on the legs and third maxilliped appear 

also to vary with species within the same genus. In Panulirus argus no 

eoxal spine develops on the third maxilliped and those on the legs persist 

only through the fifth stage, whereas in Panulirus mterruptus the third 

maxilliped and all but the fourth and fifth pairs of legs bear these spines 

up through the ninth stage. There may be some variability in the later 

stages. The presence of a spine at the distal end of the basipod adjacent 

to the exopod of the first three pairs of legs as mentioned in the text for 

P. gracilis serves to separate that species from P. interruptus, but other 

characters such as relatively wider fore-body may be needed to separate 

it from Gurney’s phyllosoma Panulirus A. 

An obvious difficulty in establishing certainty in the systematics of 

phyllosoma larvae arises either from a considerable variability in the 

larval structures of some species or from erroneous descriptions as shown 

by the following unexplained discrepancies. Kinoshita (1934) states that 

in stage I Panulirus japonicus has no exopod on the third maxilliped and 

yet Nakazawa (1917) in figure I shows the exopod to be present in this 

stage. Crawford and De Smidt (1922) in figure 273 show no exopod on this 

appendage in stage I of Panulirus argus yet subsequent workers agree that 

the exopod is present. 
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SUMMARY 

The spiny lobster, Panulires interruptus (Randall), passes through 

eleven rather poorly defined phyllosoma larval stages. The larvae are plank- 

tonic during these stages which require several.months for completion. 

Through metamorphosis, the last phyllosoma stage becomes the puer- 

ulus stage which resembles the adult and becomes benthonie. 

All of the phyllosoma stages and the puerulus stage are described and 

figured. 

A second species of phyllosoma referred to Panulirus gracilis Streets 

was found overlapping the range of P. interruptus off Baja California, and 

in the Gulf of California. A description is given of this larva enabling 

its separation from P. interruptus. 
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Several years ago a systematic exploration of California caves was under- 

taken by members of the Stanford Grotto, National Speleological Society. 

More recently, this work has been extended to certain eaves in Nevada, Ari- 

zona, and Mexico and the entire work is now being carried on under the 

auspices of the Western Speleological Institute, located in Santa Barbara, 

California. Scientific collections of fauna, flora, minerals, and other ma- 

terials are being assembled and accurate records are being kept by the 

Institute. 

Among the fauna taken by the cave explorers are several species of land 

snails, some of which are of more than passing interest. The initial lot of 

these snails was made available for study through the courtesy of Dr. Myra 

Keen, Department of Mineral Sciences, Stanford University. Subsequently, 

more snails were collected during further explorations and were sent in 

by Edward A. Danehy, Research Chairman of the Stanford Grotto, and by 

Raymond deSaussure and Arthur L. Lange of the Western Speleological 

Institute. 

Most of the snails colleeted by these speleologists represent two relatively 

common species living in the Mother Lode area in the foothills of central 

California, where many limestone caves are located. These are Monadenia 

mormonum (Pfeiffer) and Helminthoglypta cypreophila (““Newecomb” Bin- 

ney & Bland). They are not true cave snails. In fact, so far as known there 

are no true cave mollusks in the strict sense anywhere on the west coast of 

North America. Normally, snails of these and other species of the California 

foothills are found in rock piles or in thick brush, briers, or nettles, usually 

[ 21] 
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along water courses where the right conditions of moisture, shade, and food 

exist. Generally they go below the surface during the day, coming out to 

feed at night or on dark, rainy days. The entrances of caves often provide 

these habitat requirements. This could easily account for the occurrence 

of land snails in eaves, plus the added probability that they might be washed 

in through erevices or other obscure cave entrances. 

One species of land snail, collected in two eaves in Amador County, Cali- 

fornia, by members of the Stanford Grotto, proves to be a most unusual and 

remarkable find as it represents not only a new species but a new genus as 

well. In one sense, this is a rediscovery because it makes comparison possible 

with certain similar small California snails, thought to be fossil, which have 

puzzled land-snail specialists for considerably more than half a century. 

Another species, Pristiloma subrupicola spelaeum (Dall), was collected in 

eaves in Calaveras and Amador counties. One of these caves was the original 

locality at Cave City where the indefatigable collector, Henry Hemphill, 

first found this snail about seventy years ago. As the specimens taken by the 

Stanford speleologists constitute a rediscovery of the species, and as shells 

from Hemphill’s original collecting have been found at Stanford, an oppor- 

tunity is afforded to redescribe and figure this little-known species. 

The species of land snails found so far during the cave explorations in 

California are covered more fully in the following paragraphs. 

Family HELMINTHOGLYPTIDAE 

Monadenia (Corynadenia) hillebrandi (Newcomb). 

Two dead shells, taken in Church Cave, Fresno County, probably should 

be so identified. This represents a considerable extension of the present 

known range of the species in Mariposa and Tuolumne counties. Shells of 

this race were collected first by the writer in 1940 in a rockslide of lime- 

PLATE 1 

Fig. 1. Monadenia mormonum (Pfeiffer) from Music Hall Cave, Calaveras Co., 

California, imbedded in a subaqueous calcite deposit. (C.A.S. Paleo. Type Coll., 

Hypotype 10293.) 

Fig. 2. Monadenia hillebrandi mariposa A. G. Smith, n. ssp. Dorsal view of holo- 

type from McLean Cave, Mariposa Co., California. Max. diam. 23.1 mm. 

Fig.3. Same. Ventral view. 

Fig. 4. Same. Side view. 

Fig.5. Same. Detail of sculpture on dorsal surface, ca. X20. 

Fig. 6. Haplotrema costatum A. G. Smith, n. sp. Dorsal view of holotype, some- 

what enlarged, from Lost Soldier’s Cave, Tulare Co., California. Max. diam., 5.8 mm. 

Fig.7. Same. Ventral view. 

Fig. 8. Same. Side view. 
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stone near Boyden’s Cave, and later by the Chaces of San Diego, California, 

in the same vicinity. No living snails of this race have been reported. As 

the available shells collected so far are poorly preserved, their relationship 

to M. hillebrandi from farther north must await further collecting before 

being finally settled. 

Monadenia (Corynadenia) tuolumneana Berry. 

Dead shells were collected in two Tuolumne County localities by Ray- 

mond deSaussure in 1954: Crystal Butterfly Cave, one specimen (C.A.S. 

34679), and Crystal Tuolumne Cave, several specimens (C.A.S. 34678). 

They agree in essential particulars with Berry’s description of this rela- 

tively new species of Monadenia. 

Monadenia (Corynadenia) hillebrandi mariposa A. G. Smith, new sub- 

species. , 
9 

(PL, figs: 2; 3; 4. and {) 

Houotyre: Shell bi-convex, depressed, umbilicate, acutely carinate. Whorls 

514, the first 1834 turns representing the nuclear stage. Umbilicus wide, 

vortex-shaped, contained about five times in the major diameter, and 

only shghtly impinged upon by the reflection of the peristome. Peripheral 

earination formed by narrow shallow channels, the upper one deeper and 

extending over the final two or three whorls above the suture in such a way 

as to expose the keel. Sculpture of the nuclear whorls consisting of an 

array of closely-set papillations typical for the genus. Succeeding whorls 

decorated with rough irregular lines of growth, with scattered rounded 

papillae that become somewhat elongated and arranged spirally on the 

body whorl, giving the shell a dull granular appearance. Aperture set at 

an angle of 45°, the peristome reflected but not recurved, the edge sharp, 

with the upper portion flared slightly above the dorsal plane of the body 

whorl, angled at the termination of the peripheral keel, connected basally 

by a well-developed wash of callus, and white inside. Color of the shell 

reddish brown above and lighter below, especially in the umbilical area, 

with a single dark red-brown revolving band about one millimeter wide, 

bordered above and below by light colored narrower bands, the lower one 

coinciding with the peripheral keel or situated just below it. Maximum 

diameter, 23.1; minimum diameter, 18.6; height, 9.2; umbilicus diam- 

eter, 4.4 mm. 

California Academy of Sciences Paleo. Type Coll. 10283, a dead but 

well-preserved shell taken from the floor of MeLean Cave, Mariposa 

County, California (See. 20, T2S, RISE, MDM); collected in the zone of 

twilight to total darkness by Raymond deSaussure, November 16, 1953. 

(Western Speleological Institute Locality C-146.) 
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PARATYPES: 15 adult shells and 4 juvenile specimens, collected with the 

holotype, all dead, in from fair to poor condition, some covered with a tena- 

cious layer of hardened reddish brown mud. Paratypes to be placed in the 

mollusk collections of the California Academy of Sciences (Paleo. Type Coll. 

10284, 10285), the U. S. National Museum, the Academy of Natural Sciences 

of Philadelphia, Stanford University, the Los Angeles County Museum, the 

San Diego Society of Natural History, and the private collections of S. S. 

Berry, W. O. Gregg, M. L. Walton, and Walter Miller. 

OTHER LOCALITIES: One dead adult and one badly smashed juvenile speci- 

men taken in Barber Cave, Mariposa County, California (See. 20, T2S, 

RISE, MDM, USGS Yosemite Quad.) in the same general vicinity as 

MeLean Cave, by Raymond deSaussure, November 16, 1953. (Western 

Spel. Inst. C-147). These are C.A.S. 34818. 

REMARKS: Measurements of 10 specimens from the type lot of MW. h. mari- 

posa vield the following data: 

Max. Diam. Min, Diam. Height Umbilicus No. Whorls 

Largest shell -............... 25.4 mm. 20.6 mm. 10.4 mm. 5.3 mm. 55% 

Smallest shell _............ 20.9 ed: 8.3 4.1 5 

Average of 10 .............. 23.5 19.3 9.5 4.6 536 

The ratio of average maximum diameter to average umbilicus diameter 

15. 

This new race of California mountain snail is remarkable for its un- 

usually acute carination, resembling that of Monadenia circumcarinata 

(Stearns). It appears to be quite closely related to M. tuolumneana Berry 

recently described from “among limestone rocks at the top of cliff above 

Crystal Cave, Baker Ranch, near Tuolumne City, Tuolumne County, Cali- 

fornia,” which is also a carinate race. Monadenia h. mariposa differs from 

M. twolumneana in its pinehed-in carina whereas the earina of the latter, 

while acute, does not have this peculiar feature. In addition, M. h. mariposa 

has a somewhat larger and a slightly more flaring umbilicus. Except for its 

acute pinched-in carina, J. h. mariposa is also related to M. hillebrandi 

yosemitensis from the Vernal Falls region of Yosemite Valley, which has 

a subearinate tendeney and a low spire. It differs from M. h. yosemitensis, 

however, in having a smaller average size, a somewhat smaller umbilicus 

(though of the same vortex shape), and in the sparser papillate sculpture. 

Compared to typical M. hillebrandi from the Yosemite region it ranges 

smaller in size, is lower spired, lighter colored, and somewhat less widely 

umbilicate. 

A point worthy of note is the habitat of these races of M. hillebrandi 

in areas of limestone outcrops, as indicated by their occurrence in or near 

limestone caves in both Tuolumne and Mariposa counties. In Kings Canyon 
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National Park shells of JM. hillebrandi, indistinguishable from typical 

central California specimens, have been collected by the author and by 

Mr. E. P. Chace of San Diego, California, near the entrance to Boyden’s 

Cave. Mr. deSaussure has also taken this southern race in Church Cave 

in Fresno County. These last two caves are both in limestone. All central 

California material previously collected or reported has been found where 

the predominating rock is granite. 

Monadenia troglodytes Hanna & Smith. 

Described as a fossil of Pleistocene Age by Dr. G Dallas Hanna and the 

writer from shells collected in Samwel Cave, Shasta County, during an 

earlier exploration by paleontologists of the University of California. A 

couple of dead shells of this species found by the Stanford speleologists 

outside the cave on a slope some distance away from the cave entrance 

indicate the possibility that this species may be found living somewhere 

in the vicinity. 

Monadenia circumcarinata (Stearns). 

A single dead, bleached specimen, picked up on the ground near Cave 

Man Cave, south of Paper Cabin Ridge in Tuolumne County, proved to 

be this long lost and much sought for species. Its rediscovery, since con- 

firmed, provided the first real clue to its exact habitat in the limestone along 

portions of the rim of the Canyon of the Tuolumne River (Hanna and 

Smith, 1954). This find proves the incorrectness of previously published 

localities for the remarkable species, first said to be near Turlock, in Stan- 

islaus County, and later near Columbia, Tuolumne County. 

Monadenia mormonum (Pfeiffer). 

Taken from nearly all of the limestone caves in the Mother Lode area 

of Amador, Calaveras, Eldorado, Mariposa, and Tuolumne counties by the 

cave explorers. Of all snail species collected, this was the most abundant. 

Helminthoglypta allyniana (Berry). 

Several specimens taken in McLean and Barber Caves, Mariposa County. 

Helminthoglypta cypreophila (“Newcomb” Binney & Bland). 

This was the next most frequently occurring snail in caves and was often 

collected along with Monadenia mormonum (Pfeiffer). 

Helminthoglypta tularensis (Hemphill). 

Dead shells were collected deep in Haughton’s Cave, Balch Park, Tulare 
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County. Other poorly preserved specimens, long dead, taken from Cave 

No. 12-19, about 14 miles nne. of Springville, Tulare County, undoubtedly 

belong to this species. 

Helminthoglypta ferrissi Pilsbry. 

A large dead and decorticated adult specimen was found by Mr. deSaus- 

sure in Church Cave, Fresno County, along with a living juvenile and a 

fragmentary specimen. This race of H. ferrissi averages appreciably larger 

than the size of typical shells from Tehipite Valley, middle fork of the 

Kings River, the adult shell above mentioned having a major diameter of 

34.2 mm. Other examples, including one fine adult found alive, were ecol- 

lected by the writer in 1940 near Boyden’s Cave, along with dead specimens 

of the southern race of Monadenia hillebrandi (Neweomb). 

Helminthoglypta proles (Hemphill). 

One well preserved but dead shell and another broken specimen were 

taken from Juniper Cave, Plumas County. This represents a northward 

extension of range for the species, which is partially confirmed by specimens 

collected earlier in Bear Valley, near Emigrant Gap, at the northern edge 

of Placer County. The best shell from Juniper Cave fits the description of 

the species in all respects and is not referable to the smaller and thinner 

subspecies H. p. mariposa Pilsbry, which lives in the Yosemite Valley region. 

Family CAMAENIDAE 

Ammonitella yatesii Cooper. 

Collected at two new cave locations not hitherto reported—Cave of the 

Catacombs (Miller’s Cave) in Calaveras County and Pioneer Cave in 

Eldorado County. This curious species, the only living one of its genus, 

has a limited distribution in the Mother Lode region of California, having 

been described many years ago from specimens collected in and near the 

eave at Cave City, Calaveras County. A large series of topotypes were 

collected in February, 1954, by Mr. deSaussure several hundred feet inside 

the cave in the zone of total darkness. All were dead. Several years ago 

snails of this species were collected by KE. P. Chace in limestone talus near 

the mouth of Boyden’s Cave in Fresno County, thus materially extending 

its geographic range southward. These were named A. yatesti allyni Chace 

based on minor differences between them and typical specimens from farther 

north. Dead shells of A. y. allynt were collected in Chureh Cave, Fresno 

County. 
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Family HAPLOTREMATIDAE 

Haplotrema alameda Pilsbry. 

A good-sized series of dead shells was taken in Sutter Creek Cave, Ama- 

dor County; another comes from Pine Log Cave, and five additional speci- 

mens were collected in Small Cave, both located in Tuolumne County. A 

single dead shell of the subspecies H. alameda fieldi Pilsbry was found in 

Cave No. 12-1, Fresno County. 

ee costatum A. G. Smith, new species. 
U 

(Pl. 1, figs. 3, @, and 7.) 

Ho.uotyPeE: A dead adult shell, small for the genus. Upper surface nearly 

flat, base with a wide and deep vortex-shaped umbilicus contained about 

two and one-half times in the major diameter. Color white underneath a 

thin, slightly yellowish periostracum. Whorls four and one-quarter, the 

nuclear turns about one and three-quarters, the latter smooth and tumid. 

Half of the first post-nuclear whorl decorated with closely spaced, subobso- 

lete, transverse riblets similar to normal lines of growth. These give way 

abruptly to regularly spaced, coarse, rounded, sigmoidal riblets with chan- 

neled interspaces slightly wider than the riblets themselves. No spiral 

sculpture. Whorls moderately convex, with well impressed sutures. Outer 

lip descending, anteriorly protracted, reflexed at the upper edge by a small 

dimple, underneath which is a prominent, rounded denticle inside the 

aperture. Peristome thick, slightly recurved posteriorly, the outer and 

inner lips joined by a well defined ridge of callus. Maximum diameter, 7.5; 

minimum diameter, 6.2; height, 2.9; umbilicus diameter, 3.0 mm. 

Holotype in California Academy of Sciences (Paleo. Type Collection, 

10286) collected in total darkness at depth in Cave No. 12-19, Tulare 

County, California, by Raymond deSaussure, August 8, 1953. 

PaRATYPES: Two additional specimens taken with the holotype, the first 

a somewhat smaller dead adult shell, the second a dead but fresh juvenile. 

Paratypes are in the California Academy of Sciences (Paleo. Type Coll., 

10286a, 10286b (A.G.S. 9451) ). 

REMARKS: This remarkable little species of Haplotrema does not appear to 

be related at all closely to any described species. Its major characters con- 

sist of the prominent ribbing in relation to size, the lack of spiral sculpture 

in the adult phase, and the strong denticle beneath the edge of the upper 

outer lip. In the somewhat better-preserved juvenile shell the nuclear 

whorls are translucent and shining. With a magnification of 40 some 
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extremely fine, closely spaced, spiral sculpture is seen on the early post- 

nuclear whorls. 

Haplotrema costatum is nearest in size and sculpture to H. caelatum 

(Mazyeck). It differs from the latter, however, in having a somewhat 

wider umbilicus, less tumid body whorl, and particularly in the configura- 

tion of the aperture and lip. In H. costatum this latter feature is similar 

to the lip structure of H. sportella (Gould) and H. voyanum (Newcomb) 

but without the denticle, whereas in H. caelatum the lip is simple, with a 

sharp edge even in the adult shell. On the basis of shell structure alone 

H. costatum probably belongs in the H. sportella group (section Ancomena 

H. B. Baker) along with H. voyanwm. 

Family ZONITIDAE 

Pristiloma gabrielinum (Berry). 

Three dead adults and one fine living specimen were collected in Church 

Cave, Fresno County, California; and another dead shell was found by 

Mr. deSaussure in Windy Cliff Cave, also in Fresno County. Comparison of 

these shells with others from the original habitat in the San Gabriel Moun- 

tains of Los Angeles County has indicated no appreciable differences. Thus 

the current find represents a considerable range extension for the species. 

Pristiloma juniperum A. G. Smith, new species. 

(PlS2 hess t., 2, and 3.) 

Houtotyrpe: A dead adult shell with general characters of P. gabr- 

elinum (Berry) from which it differs principally in the somewhat more 

tumid body whorl, correspondingly more capacious aperture, and the 

smaller tubular umbilicus. Whorls almost five and one-quarter. Like P. ga- 

brielinum, this species exhibits a well defined “false suture” below the true 

suture where the top of the whorl is appressed and fused to the preceding 

one, a feature that is continuous, starting at the nucleus. The posterior 

portion of the outer lip is sharply angled just before joining the columella, 

the angle forming a carina that curves around the umbilicus for about half 

a turn, giving it its tubular shape. In the immediate area of this umbilical 

earina the shell material is roughened into several irregular, closely spaced, 

spirally arranged striae, a feature not present in P. gabrielinum. Maximum 

diameter, 5.8; minimum diameter, 4.9; height, 2.9; umbilicus diameter, 

0.3 mm. 

Holotype in the California Academy of Sciences (Paleo. Type Collec- 

tion, 10287), collected on the floor and under rocks in the Cavern Room of 
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Juniper Cave, Plumas County, California (Western Speleological Institute, 

C-96), by Raymond deSaussure, July 20, 1953. 

PARATYPES: Three specimens (two badly broken) collected with the holo- 

type, (C.A.S. Paleo. Type Coll., 10287a, 10287b, 10287c (A.G.S. 9447) ). 

REMARKS: These snails appear to be worthy of a new name as they are suf- 

ficiently different from P. gabrielinum, with which the species has been 

compared, and also because the locality where it was discovered lies several 

hundred miles north of the known range of P. gabrielinwm. It comes from 

an area that is not at all well known conchologieally. 

Pristiloma chersinella (Dall). 

A single dead specimen was taken in McLean Cave, Mariposa County. 

Pristiloma subrupicola spelaeum (Dall). 

(Pl. 2, figs. 4, 5, and 6.) 

?V[itrea] subrupicola ... var. spelaea Dall, 1895, Nautilus, 9:27. 

2? Pristiloma (Ogaridiscus?) subrupicola (2?) spelaeum (Dall), H. B. Baker, 1931, 

Proc. Acad. Nat. Sci. Philadelphia, 83:90. 

Pristiloma subrupicola spelaeum (Dall), Pilsbry, 1946, Acad. Nat. Sci. Philadelphia, 

Mon. No. 8, vol. II, pt. 1, p. 418. 

The original specimens on which this subspecies is based were unques- 

tionably sent to Dall for identification. Probably they are in the U. S. 

National Museum at Washington, D. C. However, as Hemphill was in 

the habit of sending out only part of any lot he collected, it seemed certain 

that some of the original lot ought to be either in the California Academy 

PLATE 2 

Fig. 1. Pristiloma juniperum A. G. Smith, n. sp. Dorsal view of holotype, some- 

what eniarged, from Juniper Cave, Plumas Co., California. Max. Diam., 5.8 mm. 

Fig. 2. Same. Ventral view. 

Fig. 3. Same. Side view. 

Fig. 4. Pristiloma subrupicola spelaeum (Dall). Dorsal view of C.A.S. Lectotype 

10288 trom Cave City, Calaveras Co., California, coll. by H. Hemphill. Somewhat 

enlarged. Max. diam., 5.9 mm. 

Fig.5. Same. Ventral view. 

Fig.6. Same. Side view. 

Fig. 7. Speleodiscoides spirellum A. G. Smith, n. gen., n. sp. Dorsal view of holo- 

type, somewhat enlarged, from Violin Cave, Amador Co., California. Max. diam., 

6.8 mm. 

Fig.8. Same. Ventral view. 

Fig. 9. Same. Side view. 
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of Sciences where Hemphill’s main collection is deposited, or in the Hemp- 

hill “duplicates” at Stanford University. A thorough search of the Cali- 

fornia Academy collection proved fruitless but Dr. Myra Keen discovered 

a lot of five specimens at Stanford labeled “Pristiloma subrupicola spelaea 

Dall, Calaveras Co., probably from Cave City, coll. H. Hemphill.” Agree- 

ment between these shells and those collected at Cave City by the Stanford 

speleologists leaves little room for doubt that they are part of the original lot. 

The largest of the Stanford specimens has been selected for illustration. 

Through the courtesy of Dr. Keen it has been deposited in the Paleo. Type 

Collection of the California Academy of Sciences as Lectotype 10288. The 

shell evidently contained the living animal when found. It has four and 

seven-eighths whorls and measures: max. diam., 5.9; min. diam., 5.2; height, 

2.4; diam. of umbilicus, 0.5 mm. It is thin and pellueid, with a whitish luster 

that is more pronounced on the last whorl. Axial sculpture consists of some 

wrinkling near the sutures and in the vicinity of the umbilicus, but this does 

not cross the periphery of the whorls, which are smooth and without any 

traces of lines of growth. Spiral sculpture consists of extremely fine wavy 

lines that can be seen well only at magnifications of about 40 or higher, 

although some heavier spiral impressions occur in the umbilical region. 

The sutures are not deeply impressed but where the upper end of the peri- 

stome becomes fused with the preceding whorl during growth, another line 

shows through, giving the aspect of a false suture just above the true su- 

tural groove. In shape, the shell agrees well with Pilsbry’s figure of Pristi- 

loma subrupicola (1946. p. 415, fig. 226), except that the umbilicus is wider. 

The other four specimens in the Stanford lot agree in most particulars 

with the above account. Two also were collected living, are somewhat 

smaller, but have more whitish luster than the larger shell has. Measure- 

ments of them are as follows: 

No. Whorls Max. Diam. Min, Diam. Height Diam. of Umb. 

4% 5.0 mm. 4.5 mm. 2.5mm. 0.5 mm. 

4 LN h 42) ey OLD ian 

The remaining two are dead shells, both somewhat damaged. 

The Stanford cave explorers collected this same species at the following 

localities, to which another is added where the writer found it later: 

Cave at Cave City, Calaveras County, Stanford Grotto, 9-b; Edward Dan- 

ehy, coll., July 1, 1950; 13 dead specimens (topotypes), C.A.S. 34819. 

Black Chasm, near Voleano, Amador County, Stanford Grotto, 68, lot 2; 

Charles Moller, coll., January 15, 1951; a single dead and possibly somewhat 

fossilized specimen found about 120 feet down from the eave opening. 

(C.A.8. 34820.) 
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Violin Cave, Amador County, Stanford Grotto, 142; Edward Danehy 

and Arthur Lange, colls., November 25, 1951; two living specimens (pre- 

served in aleohol) and two dead shells (C.A.S. 34821). The living speci- 

mens were found estivating about 50 feet from the entrance of the cave, 

in total darkness. The others were taken at the farthest point inside the 

cave where they appeared to have been washed, possibly through small 

crevices. 

Rippled Cave, Amador County, Stanford Grotto, 144; Gil. Lang, coll., 

February 3, 1952; three living specimens (preserved in aleohol) and one 

additional juvenile preserved dry (C.A.S. 34822). 

Bank of San Antomo Creek, near Sheep Ranch, Calaveras County; A. G. 

Smith, coll., May 18, 1952; a single dead adult specimen in a shaded rock- 

slide (C.A.S. 34823). 

Family ENDODONTIDAE 

Speleodiscoides A. G. Smith, new genus. 

DeEscripTION: Shell helical, small (7 mm. in diameter), fragile, disk-shaped, 

with flat or slightly concave spire, and with a wide, shallow umbilicus. 

Color white, the whorls being covered by a very pale horn-colored perio- 

stracum. Nuclear whorls about one and one-half, smooth and glossy, tumid; 

postnuclear whorls about five and one-half, tightly coiled, rounded, without 

internal teeth or other processes; aperture subcireular; lip simple, sharp, 

not entire. Sculpture consisting of fine growth lines and closely spaced, 

transverse growth ridges. Animal unknown. Genotype, the following 

species. 

REMARKS: This genus does not seem to be closely related to any other from 

North America. Provisionally it is referred to the family Endodontidae 

but this must remain a problematical assignment until living specimens 

can be found and their anatomy investigated. It is closest in size, shape, 

and coiling of the whorls to Helicodiscus Morse, 1864, but differs from that 

genus in the lack of spiral sculpture and of any internal laminae or teeth. 

It may also be compared with the South American genus Polygyratia Gray, 

1847, section Systrophia, as defined by Tryon & Pilsbry in the Manual of 

Conchologyt. Several species of the general shape and coiling of Speleo- 

discoides are reported from Colombia, Peru, and Ecuador. These are some- 

what larger in size and although several are described as having no bar- 

riers or teeth inside the whorls, some have spirally striate sculpture that 

is lacking in Speleodiscoides. 

1 Thiele (1931, p. 597) gives Systrophia generic status in the family Systrophiidae. 



34 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4TH SER. 

Speleodiscoides spirellum A. G. Smith, new species. 

(Pie figs: 7-8) and.9>) 

Houotryee: A dead but well-preserved shell with general characters as de- 

seribed for the genus. Total whorls six and three-quarters, consisting of 

about one and one-half nuclear turns and five and one-half postnuclear 

turns. The embryonic tip is small but enlarges rapidly during the second 

half-turn, so that this portion of the nuclear whorls projects shehtly above 

the plane of the first two postnuclear whorls. Spire very slightly concave 

except for the projecting nuclear area. Sutures well impressed. Umbilicus 

very wide and shallow. Maximum diameter, 6.8 mm.; minimum diameter, 

6.4 mm.; height, 1.6 mm. 

Holotype in the California Academy of Sciences (Paleo. Type Coll., 

10289), collected in Violin Cave on South Fork of Dry Creek, west bank, 

Amador County, California (See. 4, T7N, R12E, MDM, USGS Pine Grove 

Quad.), by Edward Danehy and Arthur Lange, November 22, 1951, Stan- 

ford Grotto, 142. 

PARATYPES: 33 specimens collected with the holotype, of which about 20 

are full-grown though all are dead shells in a more or less bleached condi- 

tion. Paratypes are in the California Academy of Sciences (Paleo. Type 

Coll., 10290, 10291, and 10292), Stanford University, the Los Angeles Mu- 

seum, the San Diego Society of Natural History, the Academy of Natural 

Seiences of Philadelphia, the United States National Museum, and the pri- 

vate collections of Dr. S. S. Berry, Dr. W. O. Gregg, Walter Miller, M. L. 

Walton, and Leshe Hubricht. 

OTHER Locauity: Black Chasm, near Voleano, Amador County, California, 

on the east side of the south branch of Sutter Creek, at an elevation of 2040 

feet. Two lots were taken: the first containing nine bleached shells collected 

by Charles Moller, January 138, 1951 (C.A.S. 34824); the second, ten shells 

collected by Harold Treacy, May 5, 1951 (C.A.S. 34825). All were dead 

shells found deep down in this almost vertical shaft-like cave. 

ReMARKS: This remarkable small, closely-coiled, flat snail looks like a large 

Helicodiscus but the lack of internal teeth and the absence of even the 

slightest vestige of spiral sculpture immediately set it apart from this genus. 

Similar snail shells from the San Francisco Bay region have been mentioned 

in the literature by W. G. Binney (1886; 1890), Hanna (1939), and Pilsbry 

(1948) under the names Helicodiscus lineatus Say, H. fimbriatus var. sal- 

monensis W. G. Binney, and H. salmonaceus W. G. Binney. Although speci- 

mens from these early collectings have been at hand for many years, the 

lack of sufficient specific information on them and the fact that they have 

not been taken by any collector since has caused hesitation in recognizing 
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them as part of the snail fauna of California. Discovery of these snails in 

fair quantity in two Amador County limestone caves leaves no doubt about 

their authenticity as well as their novelty. Although not one was found 

alive, several specimens in the type lot are fresh enough to lead one to 

the supposition that living snails of this species may be found by diligent 

search in the vicinity of the caves where the dead shells were collected. 

Discussion: Violin Cave is about eight miles southeast of the old gold set- 

tlement of FiddJetown (hence the name of the cave) and is around three 

or four miles air-line from Voleano and the Black Chasm location. Fiddler’s 

Cave is nearby. The cave entrance is 30 feet above the South Fork of Dry 

Creek at the base of a massive marble outcrop. Mr. Danehy has furnished 

the following comments: 

Violin Cave was almost dry when visited in November, 1951, although in 

the low, narrow crawlway where the estivating snails were found the gravel 

floor was damp. This point is approximately 50 feet from the entrance and 

was the beginning of the zone of total darkness. The cave is nearly hori- 

zontal and the farthest point reached is estimated as being 250 to 300 feet 

from the entrance. Here, soil and pebbles from the surface are accumulated 

below crevices. ... It was in the crevices and upon the soil that the dead 

shells were found. Almost every cave I have seen has places where soil 

and debris come in from the surface, even though no openings are evident. 

The snails taken from this cave were selected as the type lot because of 

the number of specimens collected, which permits a liberal distribution of 

paratypes. Measurements of the ten largest specimens are as follows: 

Dimension Range Average 

Maximum diameter .............. 6.0 — 7.4mm. 6.6 mm. 

ATT yp ee a eR os one de e 1.4 — 1.6 mm. 1.5 mm. 

Number of whorls ................ 64-7 634 

All the shells in the lot show marked similarity in characters and seulp- 

ture. They differ only in shght irregularities in the coiling of the whorls. 

Black Chasm, where Speleodiscoides was first rediscovered, is located 

on a hilltop in an area of massive outerops of marble, weathered smooth 

into fantastic shapes in places—a characteristic of several locations in the 

Mother Lode country. It is described as follows in the January, 1951, re- 

port of the Stanford Grotto: 

It is an L-shaped vertical fissure in limestone, first entered by E. Sammis 

with a party in 1854. At that time the opening was about 18” across but has 

since been enlarged to a diameter of several feet in subsequent attempts to 

commercialize the cavern. The entrance confronts a steeply inclined mud 

slope composed of material washed in from above. Several vertical pitches 

follow before the first landing is reached—an estimated 120 feet below. From 

the entrance down to this landing there are found no foot- or hand-holds. 
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Fifty or sixty feet below the landing lies the bottom of the cavern—a series 

of interconnecting (?) lakes, the first of which has a length of about 70 feet. 

Depths were estimated to exceed 20 feet. Between the landing and the lake 

level occurs one mud platform. The entire downward route is mud-coated, 

but away from the range of debris the cavern walls appear unsullied. 

The snail shells were reported as being found in a side passage extend- 

ing off from and above the first landing about 120 feet down from the 
mouth. How they found their way into this side passage is hard to imagine 

unless it has had some sort of surface connection. 

The Black Chasm locality was visited by the writer in May, 1952. A 

fairly thorough search of likely-looking piles of marble and country rock in 

the vicinity was made on the theory that the snails in the cave had dropped 

or been washed in from the surface. No snails were found, however, either 

of this or any other species, possibly owing to the fact that over much of 

the entire area were evidences of surface alteration resulting from placer 

or other gold-seeking operations. Time was not available to devote a simi- 

lar search around Violin Cave. The freshness of specimens from this loca- 

tion would appear to make such a search more likely to be successful if the 

species is still living. 

Shells of Speleodiscoides from the San Francisco Bay region that are 

available for comparison consist of two from Sausalito from the Reverend 

Joseph Rowell Collection, and two others from the W. J. Raymond Col- 

lection. Of the latter, one was labeled as collected at Sausalito by Voy in 

1872, the other being found by Professor Raymond himself at “Laundry 

Farm” in the vicinity of what is now Leona Heights, a suburb of Oakland. 

All these specimens were presumed to be fossil or at least semifossil, a view 

that now seems questionable in the light of recent finds. Two of the four 

shells are adult or nearly so. They do not have a fossil appearance. Of the 

other two, one is young; the second is badly worn and broken. Two of the 

good specimens have the following measurements : 

CAS No. AGS No. Locality Collection Max. Diam. Height No. Whorls 

34826 1937 Sausalito, Calif. Rowell 5.5mm. 1.5mm. 5% 

34827 8811 ? Raymond 6.1mm. 1.4mm. 536 

The two Raymond specimens were together in the same bottle, making 

it impossible to tell which one Voy collected and which Raymond himself 

found. 

The principal account of these snails was furnished by J. G. Cooper 

and published in an early Bulletin of the California Academy of Sciences 

(Cooper, 1885). As copies of this Bulletin are not readily accessible, it 

is pertinent to this discussion to quote what Cooper has to say: 

The fourth species (or specimens) of discoid sub-fossils have been in my 
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hands since 1871, when Mr. C. D. Voy brought them to me as discovered by 

him “in an Indian mound north of S. F. Bay.” They are of the size and nearly 

the form of Helicodiscus lineatus (a species said to occur in California), but 

without a trace of teeth or sculpture. I considered them, however, imperfect 

specimens of that form until 1883, when W. O. Emerson found a few of the 

same much larger but more fossilized, near Haywards, on a sliding bank, 

where they seemed to come from under the roots of a large tree that had been 

undermined. These also are toothless, and some of both sent to Mr. Bland and 

Mr. Binney, have been decided to be a new species if not a new genus. As 

with the specimens of Hyalina, mentioned before, these were where they could 

not have been washed down by mountain streams. 

Without living specimens it will be inadvisable to describe these, especially 

as their being found in an Indian mound is some indication that they may 

increase instead of decrease with the settlement of the country. The chances, 

however, seem to be in favor of their being cave dwellers or more northern 

species, introduced where found by birds, but not able to increase there. 

This account is interesting from the information it gives about the con- 

ditions under which these snails were found. But it is all the more notable 

because of Cooper’s supposition that they might be cave-dwellers. It is 

difficult to see the reasoning back of this unless Cooper, who was a keen 

observer, had information in addition to what he published. Whether it 

was a shrewd guess or was based on more tangible evidence, the fact remains 

it has been proved true after a span of nearly seventy years! 

Compared with specimens from the two caves in Amador County, the 

San Francisco Bay shells have a flat rather than a slightly coneave spire, 

less prominent transverse rib-sculpture, and the whorls appear to be not 

quite as tightly coiled. As these differences are so slight, and as only two 

good specimens are available for comparison, determination as to whether 

they constitute a recognizable geographic subspecies is left pending the col- 

lection of additional material from the San Francisco Bay area. 

List OF CALIFORNIA CAVES EXPLORED, WITH RECORDS OF THE 

SNAIL SPECIES COLLECTED 

SHasta County* 

1. SAMWEL Cave. Sec. 5, T35N, R3W, MDM, Shasta Nat. Forest Map; 

Stanford Grotto, 23; Edward Danehy eoll., September 20, 1950. 

Picked up on the ground on a prominent limestone bluff known as 

Eagle Rock, several hundred yards west of the cave entrance. 

Monadenia troglodytes Hanna & Smith. Two bleached immature 

specimens. Discovery of this species outside of the cave indicates 

that it may be found living in the vicinity, though described origi- 

* The counties are cited in geographic order from north to south. 
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nally as a Pleistocene fossil. The depressed spire of the specimens, 

though quite immature, gives credence to the correctness of the 

identification. 

PLuMAS CoUNTY 

JUNIPER CAvE. Sec. 17, T23N, RIOE, MDM, USGS Downieville Quad.; 

Western Speleological Inst., C—96, C-103, and C-105; Raymond de- 

Saussure coll., July 20, 1953. Taken on the floor and under rocks in the 

Cavern Room in the zone of total darkness. 

Helminthoglypta proles (Hemphill). One adult and one broken 

specimen; dead. 

Pristiloma juniperum A. G. Smith, new species. Four specimens; 

dead. 

AMADOR COUNTY 

Buack CHASM. 34 mi. south of Voleano, Stanford Grotto, 68 and 104; 

Charles Moller and Harold Treacy ecolls., January 13 and May 5, 1951. 

“Found in side passage about 120 feet from the surface, in total dark- 

ness.”’ 

Speleodiscoides spirellum A. G. Smith, new genus and species. A 

total of 19 dead specimens, a few with deposits of small calcite 

erystals on one surface. 

Pristiloma subrupicola spelaewm (Dall). A single dead specimen. 

ViouIn Cave. Sec. 4, T7N, RIZE, MDM, USGS Pine Grove Quad.; 

Stanford Grotto, 142, Edward Danehy and Arthur Lange eolls., No- 

vember 25, 1951. Named for its location near Fiddletown. 

Speleodiscoides spirellum A. G. Smith. Thirty-four dead speci- 

mens. The type lot. 

Pristiloma subrupicola spelaeum (Dall). Two living and two dead 

specimens. 

RIppLeD Cave. Sec. 28, T7N, RI1E, MDM, USGS Big Trees Quad.; 

Stanford Grotto, 144 and 145, Gil Lang eoll., February 3, 1952. 

Helninthoglypta cypreophila (Binney & Bland). One living small 

adult. 

Pristiloma subrupicola spelaeum (Dall). Three living specimens. 

HarE Cave. Sec. 31, T6N, RI1E, MDM, USGS Sutter Creek Quad.; 
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10. 

188 

Western Spel. Inst., C-34, Raymond deSaussure ecoll., April 5, 1953. 

Taken near second entrance in the twilight zone. 

Helminthoglypta cypreophila (Binney & Bland). Three dead ju- 

veniles. 

SUTTER CREEK CAvE. Sec. 29, T7N, R12E, MDM, USGS Pine Grove 

Quad.; Western Spel. Inst., C-61, Raymond deSaussure coll., May 25, 

1953. Collected in lower right passage below a fissure, on the floor in 

total darkness. 

Haplotrema alameda Pilsbry. Twenty-seven adult and three young 

specimens, all dead. 

ELDORADO COUNTY 

PIONEER CAVE. Sec. 18, T12N, R9E, MDM, USGS Auburn Quad.; 

Stanford Grotto, 31, Edward Danehy ecoll., October 7, 1950. “Cave 

open to daylight due to large entrance.” 

Monadenia mormonum (Pfeiffer). Collected in 1875 by J. G. 

Cooper but not found there by the Stanford speleologists. 

Ammonitella yatest J. G. Cooper. One dead adult specimen. 

CALAVERAS CoUNTY 

CAVE OF THE CATACOMBS (MILLER’S CAVE). Sec. 2, T4N, RI3E, MDM, 

USGS San Andreas Quad.; Stanford Grotto, 139, Edward Danehy 

eoll., Mareh 28, 1951, and November 23, 1951. “Taken in the zones of 

twilight and total darkness. Some appeared washed [in] and others 
5 

seemed to be estivating.”’ 

Monadenia mormonum (Pfeiffer). Six living adults; eight adult 

and nine immature specimens, all dead. 

Helminthoglypta cypreophila (Binney & Bland). Two adults and 

one immature specimen, all dead. 

Ammonitella yatesi J. G. Cooper. Forty-three adults and 11 im- 

mature specimens, all dead. 

CAVE OF THE SKULLS. North side of the Stanislaus River, about half 

way between Columbia and Vallecito; Stanford Grotto, 133, Edward 
aa 

Danehy coll., Mareh 25, 1951. “Dead shells taken in the twilight zone.” 

Monadenia mormonum (Pfeiffer). One dead adult shell. 

Cave City Cave. Sec. 14, T4N, RI3E, MDM, USGS San Andreas 

Quad.; Stanford Grotto, 9a and 9b. Some shells taken January 7, 1950, 
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in total darkness several hundred feet from the nearest of the three cav- 

ern entrances. Others collected March 24, 1951, about 40 feet from the 

entrance in the twilight zone; Edward Danehy coll. Also, Western 

Spel. Inst., C-173 and C—174, several hundred feet into the cave in total 

darkness, probably washed in; Raymond deSaussure, coll., February 

7, 1954. 

Monadenia mormonum (Pfeiffer). Several dead specimens. Also 

collected by Hanna & Rixford (1923). 

Helminthoglypta cypreophila (Binney & Bland). One dead adult. 

Ammonitella yatesi (J. G. Cooper). Original lot found by L. G. 

Yates about 100 feet within the mouth of the eave (Cooper, 1868). 

Not reported by the Stanford Grotto but later a series of 60 speci- 

mens (topotypes) were collected by Raymond deSaussure of the 

Western Speleological Institute. 

Pristiloma subrupicola spelaeum (Dall). Thirteen dead specimens 

(topotypes). 

SHaw’s Cave. Near Mercer’s Cave; Stanford Grotto, 36, Edward 

Danehy coll., October 8, 1950. “Taken in total darkness. Washed in 

by water.” 

Monadenia mormonum (Pfeiffer). One dead (broken) adult and 

two immature specimens. 

SnaiL Cave. Sec. 4, T3N, RI4E, MDM, USGS Columbia Quad.; Stan- 

ford Grotto, 73, Ray Bennett coll., March 10, 1951. ‘Taken in twilight 

zone.” This eave and a number of others discovered have been given 

names for the first time. Snails were the only form of life found in 

Snail Cave. 

Monadenia mormonum (Pfeiffer). One living and one dead adult. 

CRYSTAL STANISLAUS Cave. Sec. 23, T3N, RI4E, MDM, USGS Colum- 

bia Quad.; Stanford Grotto, 56, Edward Danehy coll., November 25, 

1950. Snails found “30 ft. in from entrance (twilight zone).” Also 

Western Spel. Inst., C-64, C-166, and C—169, Raymond deSaussure, 

eoll., January 30, 1954. Found in various locations from the mouth of 

the cave to the twilight zone inside. 

Monadenia mormonum (Pfeiffer). Two living immature specimens 

and 10 dead adults, some of large size, plus five immature shells, 

also dead. 

GRAPEVINE GuLCH Cave. Sec. 22, T3N, R14E, MDM, USGS Columbia 

Quad.; Stanford Grotto, 95, Edward Danehy and Jack Jacobus colls., 
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April 17, 1951. “Found in twilight zone.” Also, Western Spel. Inst., 

C-3, C-5, and C-—7, Raymond deSaussure, coll., February 2, 1953. 

Monadena mormonum (Pfeiffer). A total of 21 adult shells and 

six immature specimens from three collectings, all dead. Also one 

living juvenile specimen. 

Helminthoglypta cypreophila (Binney & Bland). Two adults and 

three juvenile dead specimens. 

BUCKEYE CAVE. One of the Grapevine Gulch caves; Western Spel. 

Inst., C-6, Raymond deSaussure coll., February 2, 1953. From the 

twilight zone. 

Monadenia mormonum (Pfeiffer). Six dead specimens. 

Woot Hoituow Cave. Another of the Grapevine Gulch group. Ray- 

mond deSaussure coll., May 30, 1954, Western Spel. Inst. C—212, 

C216, and C—217. Taken in several locations from the entrance to the 

zone of total darkness. 

Monadenia mormonum (Pfeiffer). One immature living snail and 

eight other dead shells, five of which are adults. One of the last, 

broken and heavily inerusted, was found deposited with subaerial 

cave coral (PI. 1, fig. 1). 

KENNY’s GROTTO. Grapevine Gulch group of caves. Western Spel. 

Inst., C-215, Raymond deSaussure coll., May 20, 1954. From the floor 

in the twilight zone. 

Monadema mormonum (Pfeiffer). Five adult and four imma- 

ture shells, all dead. 

Helminthoglypta cypreophila (Binney & Bland). Two dead im- 

mature specimens. 

Music Hatt Cave. Between Moaning Cave and Parrott’s Ferry; 

Western Spel. Inst., C-2, Raymond deSaussure coll., February 1, 1953. 

Taken in total darkness at the foot of a 150-foot fissure. 

Monadenia mormonum (Pfeiffer). Fifteen adult and three imma- 

ture specimens, several almost completely covered or imbedded in 

calcite crystal masses, a number of others clean or mud covered. 

SPELEOGEN Cave. Near Music Hall Cave; Western Spel. Inst., C-—4, 

C-32, and C—50, Raymond deSaussure ecoll., February 2, April 4, and 

Aprils, 1953: 

Monadenia mormonum (Pfeiffer). Six adults and one immature, 

all dead, one found 160 feet down in a fissure. 

Helminthoglypta cypreophila (Binney & Bland). A single living 

juvenile taken on the floor in the twilight zone. 
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Rating Cave. See. 34, T3N, R14E, MDM, USGS Columbia Quad.; 

Western Spel. Inst., C-67, C—77, C-81, and C-—82, Raymond deSaus- 

sure coll., May 16, 1953. Taken in various locations in the eave. 

Monadenia mormonum (Pfeiffer). Three living immature snails, 

plus eight adult and four juvenile dead specimens. 

Helminthoglypta cypreophila (Binney & Bland). A single dead 

juvenile. 

Pine Loe Cave. See. 36, T3N, R14E, MDM, USGS Columbia Quad.; 

Western Spel. Inst., C-87, Raymond deSaussure ecoll., July 18, 1953. 

Snail shells collected throughout the cave in the zones of twilight to 

total darkness. 

Monadenia mormonum (Pfeiffer). Eight adult and four juvenile 

shells, dead. 

Haplotrema alameda Pilsbry. One broken adult. 

SMALL Cave. Sec. 36, T3N, R14E, MDM, USGS Columbia Quad.; 

Western Spel. Inst., C-88, Raymond deSaussure ecoll., July 13, 1953. 

From the twilight zone in the front part of the cave. 

Monadenia mormonum (Pfeiffer). One adult and one immature, 

dead. 

Helminthoglypta cypreophila (Binney & Bland). One dead ju- 

venile. 

Haplotrema alameda Pilsbry. Three adults and two juveniles, dead. 

Goutp- ToorH Caves. See. 14, T3N, R14E, MDM, USGS Columbia 

Quad.; Western Spel. Inst., C-161, Raymond deSaussure eoll., Janu- 

ary 30, 1954. On the ground, under rocks, daylight to twilight zones. 

Monadenia mormonum (Pfeiffer). One broken adult and eight im- 

mature dead specimens. 

Helminthoglypta cypreophila (Binney & Bland). One dead ju- 

venile. 

CRYSTAL TUOLUMNE Cave. Sec. 21, TIN, RI6E, MDM, USGS Sonora 

Quad.; Western Spel. Inst., C-183, Raymond deSaussure coll., Febru- 

ary 6, 1954. On the ground just outside the entrance. 

Monadenia tuolumneana Berry. Four adult and one immature, 

all dead specimens. (C.A.S. 34678.) 

Helminthoglypta cypreophila (Binney & Bland). One dead adult. 
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CrystaL ButterRFLY Cave. Sec. 21, TIN, RI6E, MDM, USGS Sonora 

Quad.; Western Spel. Inst., C-184, Raymond deSaussure coll., Feb- 

ruary 6, 1954. Just inside the entrance in the twilight zone. 

Monadenia tuolumneana Berry. One dead adult. (C.A.S. 34679.) 

CRYSTAL PALACE Cave. Sec. 26, T3N, R14E, MDM, USGS Columbia 

Quad.; Western Spel. Inst., C-60 and C—64, Raymond deSaussure and 

Bill Wise ecolls., April 17 and May 24, 1953. In twilight zone. 

Monadenia mormonum (Pfeiffer). One living immature snail and 

four dead (two adult) examples. 

Cave Man Cave. Sec. 28, TIN, RI6E, MDM, USGS Tuolumne Quad.; 

Western Spel. Inst., C-380, Raymond deSaussure coll., April 2, 1953. 

Monadenia circumcarinata (Stearns). <A single dead, bleached 

shell found on the ground outside the cave. This find constitutes 

a rediscovery of the species. (AGS No. 9419.) 

PINNACLE Point Cave. See. 7, T3N, RI5E, MDM, USGS Stanislaus 

Quad.; Western Spel. Inst., C-160, Raymond deSaussure coll., Jan- 

uary 29, 1954. Found on the floor of the cave in the zones of twilight 

to total darkness. 

Monadenia mormonum (Pfeiffer). Two dead and broken juveniles. 

Helminthoglypta cypreophila (Binney & Bland). Two adults and 

two juveniles, dead. 

Marreosa County 

CAvE oF OrpHEUS. Sec. 4, T3S, RISE, MDM, USGS Yosemite Quad.; 

Western Spel. Inst., C-36, C-39, and C-41, Raymond deSaussure coll., 

March 8, 1953. Taken at several locations, including a lake at the 

bottom of the cave. 

Helminthoglypta cypreophila (Binney & Bland). Six adults and 

three juvenile shells, all dead. 

Minurrep Cave. USGS Sonora Quad., near Bower Cave; Western Spel. 

Inst., C-22, Raymond deSaussure coll., May 25, 1953. On the floor 

in the twilight zone. 

Monadenia mormonum (Pfeiffer). A single living juvenile speci- 

men. 

McLean Cave. See. 20, T2S, RISE, MDM, USGS Yosemite Quad.; 

Western Spel. Inst., C-146, Raymond deSaussure coll., November 16, 

1953. On the floor in the twilight and total darkness zones. 
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Monadenia hillebrandi mariposa A. G. Smith, n. ssp. Sixteen 

adult shells and four juveniles, all dead. Type lot. 

Helminthoglypta allyniana (Berry). Four adults and one juve- 

nile, dead. 

Pristiloma chersinella (Dall). One dead adult. 

33. BARBER Cave. Close to McLean Cave. Western Spel. Inst., C-147 and 

C-148, Raymond deSaussure coll., November 16, 1953. In the zone of 

total darkness. 

Monadenia hillebrandi mariposa A. G. Smith. One adult and one 
(broken) juvenile, dead. 

Helminthoglypta allyniana (Berry). One living adult and four 

dead shells (three immature). 

FRESNO CoUNTY 

34. CHurcH Cave. Near Boyden’s Cave; Western Spel. Inst., C—132, 

C-133, and C-134, Raymond de Saussure ecoll., September 19, 1953. 

Various locations in the zones of twilight and total darkness. 

Monadenia hillebrandi (Neweomb). One adult and one juvenile 

(broken), dead. 

Helminthoglypta ferrissi Pilsbry. One very large adult, dead; 

one fragment; and one young living specimen. 

Ammonitella yatesi allyni Chace. Five adults, dead. 

Pristiloma gabrielinum (Berry). One living adult; three dead 

adult shells (one badly broken). 

35. Cave No. 12-1. About 9 miles sse of Badger; Stanford Grotto, 9, Ar- 

thur Lange ecoll., July 2, 1952. Found on the floor. 

Haplotrema alameda fieldi Pilsbry. One dead adult shell. 

a : 
36. WINpy Cuirr Cave. Across the river from Boyden’s Céve, Kings 

Canyon Nat. Park, near Cedar Grove. Taken from the floor in the back 

section of the eave in total darkness. 

Pristiloma gabrielinum (Berry). A single dead adult specimen. 

TULARE COUNTY 

37. HAUuGHTON’s Cave. Balch State Park. Western Spel. Inst., A-18, Ray- 

mond deSaussure ecoll., July 8, 1952. Taken in ‘total darkness about 

300 feet below ground [level].” 
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Helminthoglypta tularensis (Hemphill). Two dead bleached 

adults, one broken. 

38. Cave No. 12-19. About 14 miles nne of Springville; Stanford Grotto, 

115 and 116, Raymond deSaussure coll., August 8, 1953. 

Helminthoglypta tularensis (Hemphill). Two young shells and a 

fragment referable to this species. 

Haplotrema costatum A. G. Smith, n.sp. Two adults and one im- 

mature, dead. Type lot. 
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INTRODUCTION 

Much of Arabia has long been difficult of access to European and 

American zoological collectors, and the fauna of the vast region between 

the Red Sea and the Persian Gulf is still quite inadequately known. 

Explorations for oil have brought American geologists to the oil field 

regions of Saudi Arabia, and thanks to the avocational interest of some 

individuals, collections of amphibians and reptiles have come to the United 

States National Museum and to the California Academy of Sciences. 

A considerable collection of reptiles, with a few amphibians, was pre- 

sented to the California Academy of Sciences by Mr. John Gasperetti 

in 1947. Through the kindness of the late Mr. Joseph R. Slevin, curator 

of herpetology at the Academy, this material was sent on loan for study 

and report to Dr. Karl P. Schmidt at the Chicago Natural History Mu- 

seum, who has long maintained an interest in the fauna of southwest Asia. 

I was studying in the laboratory of the Division of Reptiles at the Museum 

when the Gasperetti collection arrived in Chicago, and Dr. Schmidt and 

I made a preliminary examination of it. When other duties promised to 

delay his report on this material, Dr. Schmidt kindly turned the project 

over to me for a formal report. This was especially gratifying as some 

collections from southern Arabia had meanwhile been presented to the 

Hebrew University in Jerusalem by the members of the British Anti- 

Petal 
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Locust Expedition of 1944, under the direction of Dr. J. E. Hardy, then 

head of the Department of Entomology of the British Mandatory Goy- 

ernment. This material, together with specimens from the Trucial Coast 

collected by Mr. Desmond Vesey-Fitzgerald, and specimens from central 

Saiidi Arabia collected by Mr. A. R. Waterston, has been included in the 

following report. 
I have listed the localities below, and through the courtesy of Dr. 

Schmidt, a map, prepared by Miss Margaret G. Bradbury, has been 

provided. 
I wish to thank Dr. Schmidt for his aid and advice, and for his revi- 

sion of this manuscript. I also wish to thank Mr. Hymen Marx, assistant 

in the Division of Reptiles at the Chicago Natural History Museum, who 

has aided Dr. Schmidt by checking the revision. I am especially indebted 
to Mr. J. C. Battersby, in charge of the Division of Reptiles at the British 

Museum (Natural History), where I have been privileged to study on 

several oceasions. Finally, I wish to thank Mr. Alan E. Leviton of the 

California Academy of Sciences for carefully going over the whole manu- 

seript, checking the specimen numbers and the literature, and otherwise aid- 

ing in the final preparation for publication. 

Specimens in the collection of the California Academy of Sciences 

are designated by the abbreviations CAS; those in the Hebrew University 
of Jerusalem by HUJ. Representative specimens from the Academy’s col- 

lection have been deposited at the Chicago Natural History Museum; these 

specimens are designated CNHM. 

LOCALITIES 

(All localities are in Satidi Arabia. See map, figure 1.) 

Abqaiq Jebel Hajar 

Abu Dhabi Jebel Qara 

Abu Shaiba (Oil field region) Moreiwa Post (northwestern 

Al Khobar Arabia ) 

Buraimi Mudawara 

Dammam Qana, north Nejd 

Dhahran Qatif 

Doha Dhalum Ras at Tanura 

Dhufar Sakaka 

El Alat (Oil field region ) Sharja 

Dar-el-Hadj Shimal (Oil field region) 

Hail Shinas 

Bir Hirmas Tebuk 

Jebel Aja Tomayiah (not identified) 

Jebel Dam Trucial Coast at 23° 10’ N., 53° Hy 
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Among the localities at which specimens were collected, Abu Shaiba, 

El Alat, and Shimal are not to be found on any map available to me; 

they appear to be in the vicinity of the Dhahran-Abqaigq oil fields. Dar- 

el-Hadj and Bir Hirmas (not named on the accompanying map) are lo- 

eated, respectively, two stations south and two stations north of Tebuk, 

on the Hedjaz Railway. The locality “Tomayiah” is not identifiable; based 

upon the date of collection of the specimen, CAS 84626, Scincus philbyt, 

collected February 10, 1945, it does not seem to belong to the Gasperetti 

collection. 
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Figure 1. Map of Arabia, showing principal localities mentioned in the text. 
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Class AMPHIBIA 

Order SALIENTIA 

Family BUFONIDAE 

Genus Bufo Laurenti 

Bufo pentoni Anderson. 

Bufo pentoni ANDERSON, 1893, Ann. Mag. Nat. Hist., (6) 12:440 (Suakin). 

MATERIAL EXAMINED (2): HUJ 524, from west of Jebel Hajar (alt.: 500 

feet), and HUJ 527, from Buraimi, Trucial Oman, collected in 1944, by 

Vesey-Fitzgerald. 

Bufo dhufarensis Parker. 

Bufo dhufarensis PARKER, 1931, Ann. Mag. Nat. Hist., (10) 8:518 (Milwah, Alaud, 

southern Arabia). 

MATERIAL EXAMINED (3): HUJ 528, from central Arabia; HUJ 525, 

from Dhufar, collected in 1944, by Waterston; HUJ 526, from Buraimi, 

collected in 1944, by Vesey-Fitzgerald. 

Family RANIDAE 

Genus Rana Linnaeus 

Rana ridibunda ridibunda Pallas. 

Rana ridibunda Pauuas, 1771, Reise Rus. Reich., 1:458 (Gurev, north coast of Cas- 

pian Sea). 

Rana ridibunda ridibunda MERTENS, 1925, Abh. Senck. Ges., 39:55. 

MATERIAL EXAMINED (9): CAS 84273, 84407, 84409-84413, and CNHM 

74012, from Dhahran, collected in 1945, by Gasperetti; CAS 84415, from 

Qatif, collected in 1945, by Gasperetti. 

Class REPTILIA 

Order CHELONIA 

Family EMypDIDAE 

Genus Clemmys Ritgen 

Clemmys caspica caspica (Gmelin). 

Testudo caspica GMELIN, 1774, Reise durch Russland, 3:59: pls. 10-11 (Hircania 

[northern Persia] ). 

Clemmys caspica caspica ScuMmipT, 1939, Field Mus. Nat. Hist., Zool. Ser., 24:89. 
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MATERIAL EXAMINED (2): CAS 84420, from Shimal, collected in 1946, by 

Gasperetti; CNHM 74009, from Qatif, collected in 1945, by Gasperetti. 

Order SAURIA 

Family GEKKONIDAE 

Trigonodactylus Haas, new genus 

TYPE SPECIES: T'rigonodactylus arabicus Haas. 

DEFINITION: Habitus very slender. Head and body strongly depressed. 

Digits one to five, strongly dilated and flattened dorso-ventrally at their 

base by fan-like extensions of their skin, which overlap between the digits, 

which are, however, free; laterally digits are fringed by a series of mar- 

ginal, projecting, triangular, flat scales. Claws thin and long, strongly 

compressed laterally. Fingers one to four gradually increasing in length; 

fifth finger ends at level of second finger. Minute, imbricate, triangular 

scales cover undersides of fingers; only a few transversely widened scales 

at their tips. Upper surface of hands covered with keeled, imbricate, rather 

elongate scales. Toes more elongate and slender; with strongly compressed, 

long claws; margins of toes fringed; length of toes increasing from first 

to fourth; fifth toe shorter than first; sealing as on hand. A prominent 

plantar fold extends from base of third toe to base of first toe; deep folds 

run proximally from outer sides of first, second, and third toes to con- 

verge to proximal end of fold between hallux and third toe. Dorsal 

seales flat, juxtaposed, slightly keeled, elliptical. Pupil a vertical slit. No 

anal or femoral pores. Moderate hemipenial swellings. Tail cireular in 

eross section, tapering uniformly. 

Trigonodactylus arabicus Haas, new species. 
{Figure 2.) 

HouotypE: CAS 84321, male, from Abqgaiq, Satidi Arabia, collected 

September 29, 1945, by John Gasperetti. 

PaRaTYPES (3): CAS 84318, 84323, females, from the type locality, 

collected in 1945, by Gasperetti; CNHM 73992, male, from Dhahran, col- 

lected in 1945, by Gasperetti. (All specimens rather poorly preserved.) 

DeEscripTION: Habitus slender and strongly depressed, especially the 

head; limbs very slender; head rather elongate; snout obtusely pointed, 

equaling length of orbit; length of orbit greater than its distance from ear 

opening, which has the form of an elliptical, slanting slit. Eye very 

large; pupil vertical. Upper eyelid bent vertically downward anteriorly, 

forming a fold at anterior margin of orbit; fold widest below. No lower 



52 CALIFORNIA ACADEMY OF SCIENCES [ Proc. 4TH SER. 

eyelid. Interorbital constriction, at narrowest spot, as wide as three head 

tubercles. Nostrils open at summit of a blunt prominence, followed posteri- 

orly by a depression. An internarial depression extends into rostral. Col- 

lar constriction very distinct. Adpressed forelimb reaches anterior border 

of eye; bent backward, it reaches two-thirds the distance between fore- 

and hindlimbs. Adpressed hindlimb extends forward beyond axilla. Ros- 

tral cleft, as seen from above, undivided at anterior vertical slope; posteri- 

orly, rostral concave; dorsal portion of shield twice as wide as long; 

posterior border transversely truncate, with median re-entrant niche for 

an unpaired granular scale. Rostral enters nostril; its deeply coneave 

ventro-lateral border is in contact with inner nasals, which are separated 

from each other by 2 flat polygonal seales. Nostril defined by rostral, 

3 nasals (4 nasals on left side, but the third is abnormally excluded from 

nostril), and first supralabial. Supralabials 13/14, gradually diminishing 

in height. Head covered above by more or less hexagonal, flat, not imbri- 

cating scales, which are smallest at rectangular bend of eyelid; scales on 

upper side of snout are larger than those adjacent to anterior upper 

labials; all slightly rugose; temporal scales much smaller, almost granular, 

between eye and ear opening. Infralabials 9/11. Mental with convex 

posterior border, somewhat wider than deep, with a slight anterior median 

prominence. No chin shields. Gular scales minute; lateral ones, near infra- 

labials, elongate, keeled, and subimbricate; more median ones cycloid, 

imbricate, and keeled, and gradually diminish in size toward neck. Dorsal 

seales elongate at middle of back, but are more or less cycloid at sides; 

their diameter equals the long dimension of the mid-dorsals; all are 

juxtaposed, not imbricate. Limbs covered dorsally by keeled, cycloid, im- 

bricate scales, which are much larger than the dorsal body seales; the scales 

on the dorsal surface of the hindlimbs are much enlarged. Ventral scales 

are bluntly triangular, keeled, and slightly larger than gulars; ventro- 

medially, scales are imbricate; laterally, they are juxtaposed. On under- 

side of extremities, the eycloid, imbricate, keeled scales are arranged in 

oblique, regular series; they diminish in size toward the proximal end of 

limb. The largest ventrals, in the pelvic area, are much smaller than 

the ventral tibial scales. At first glance, the fingers seem to be webbed, 

but closer examination shows that the proximally enlarged skin folds of 

the fingers overlap (see diagnosis of the genus). The tail is covered dor- 

sally by elongate, transversely truncate, keeled scales (up to 3 keels on 

a scale), arranged in more or less transverse, rather irregular whorls. 

Ventrally, these transverse series are more distinct. A ventro-median 

raphé is conspicuous. The subeaudals are subimbricate, elongate, keeled, 

with rounded distal ends. Two distinct hemipenial swellings present; 

the two obliquely arranged openings for the hemipenes are placed some- 

what behind the vent. A cluster of enlarged scales is present on both sides 
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of the root of the tail, the innermost 2 to 3 of these seales are conical and 

much enlarged. 
A erescent-shaped transverse black marking crosses the snout (fig. 2), 

linking the anterior corners of the eyes; the concavity of the crescent 

is directed backward. A blackish streak extends from the posterior border 

of the eyes to a point above the aperture of the eye, curving slightly up- 

ward. A faint stripe on each flank follows the direction of the temporal 

streak. Upper side of tail with about 10 darker transverse bands, bordered 

in black and narrower fhan the yellowish intervals. Venter whitish. A few 

seattered dark markings are present on nape and on upper side of limbs. 

There are no color differences between the sexes. 

MEASUREMENT OF HOLOTYPE (in mm.): Snout to vent 31.5; tail 34; 

length of head 9.5; width of head 5.5; height of head 3.0; forelimb 12.5; 

hindlimb 17.5. 
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Figure 2. Trigonodactylus arabicus Haas, new species. Left: Dorsal view of 

head of CAS 84321, holotype, showing color markings (stippled) and pholidosis 

of rostral region. Right: Plantar surface of right hand of CNHM 73986. 
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Genus Stenodactylus Fitzinger 

Stenodactylus slevini Haas, new species. 

(Figure 3.) 

HouotyPe: CAS 84592, male, from Dhahran, Satidi Arabia, collected 

in 1946, by John Gasperetti. 

Paratypes (2): CAS 84540, allotype, from the type locality, collected 

in 1946, by Gasperetti; CNHM 74026, female, from Al Khobar, collected 

in 1946, by Gasperetti. 

Diacnosis: Habitus rather stout. Arrangement of subdigital scales 

similar to that in S. petri, from which S. slevini differs in having the 

nostril strongly swollen and bordered by 3 nasals and the rostral; the first 

upper labial reaches the nostril only at a point where the third nasal and 

the rostral touch each other at the lower periphery of the nostril. The 

tail does not show the sudden contraction immediately behind the basal 

swelling, as in SN. petri, but tapers gradually as in S. elegans. Inner nasals 

separated by one granule, or more or less in contact. 

DESCRIPTION: Snout rather short, longer than distance from eye to ear 

opening. Ear opening small (half the height of the eye), vertically elliptic. 

Rostral a little broader than high, with a median dorsal cleft in a mid- 

dorsal depression. Granules on snout polyhedral, closely juxtaposed, very 

rugose, larger dorsally, especially dorso-laterally, in front of the orbit, 

and much larger than occipital granules. Inner nasals in contact. Upper 

Jabials 14/14; lower labials 13/12. Mental with parallel lateral borders; 

posterior border convex, somewhat bulging beyond suture with first infra- 

labials; length to width about 3 to 2. Nostrils swollen; opening directed 

forward and upward. The nasal swelling is emphasized by a median 

dorsal depression entering the rostral and a postnarial depression between 

the third nasal and the labials. Pupil a vertical slit. Upper eyelid bent 

vertically downward at anterior border of eye; lower lid very narrow, 

almost invisible. Back covered by rather elongate, juxtaposed granules; 

similar granules, but broader and slightly larger, on flanks; they form 

juxtaposed, blunt, triangular tubercles whose apices point backward. 

All dorsal seales rugose, bluntly keeled on posterior part of back and on 

upper side of femur. Gular granules slightly smaller than ventrals; latter 

granules are triangular, subimbricate, and faintly keeled mid-ventrally, 

rugose and subtubereular in pectoral region. Pelvic ventrals flat and 

rugose. No preanal or femoral pores. Cycloid, rugose granules present 

on underside of limbs. A group of much enlarged conical seales oceur 

at each side of swollen base of tail; three of these form a sloping series, 
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extremely enlarged in male. Ventral side of hemipenial swellings cov- 

ered with cycloid, imbricate, keeled scales. The adpressed forelimb ex- 

tends beyond tip of snout; extended backward, forelimb falls short of 

groin. Adpressed hindlimb reaches axilla. Fingers are covered dorsally 

by 7 series of pointed, imbricate, keeled scales. The marginal fringes of 

fingers and toes of moderate size. Enlarged medial series of scales beneath 

digits twice as wide as the 2 intermediate series. Claws curved, laterally 

compressed, sharp. Fingers short and stumpy, less flattened dorso-ventrally 

than in Ceramodactylus. First finger shorter than fifth, third and fourth 

almost equal, second a little shorter. First and fifth toes end at about 

same level, first to fourth gradually increasing in length. Behind the basal 

swelling of the tail the scales form obscure rings; these seales are imbri- 

cate, keeled, and rugose dorsally and ventrally. 

Back, inclusive of head and upper side of limbs, with a black and dark 

brown reticulation on a pale brown ground color; reticulations denser 

on body, widely meshed on head. Nine dark brown eross-bars on tail, bor- 

dered with black seams, wider than the lighter intervals. Venter pure 

white. Dark spots on rostral, mental, and upper and lower labials. 

Figure 8. Stenodactylus slevini Haas, new species. Upper and lower sides of 

hand of CNHM 74026. 
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MEASUREMENTS OF HOLOTYPE AND ALLOTYPE (in mm.) : 

Holotype Allotype 

(CAS 84592) (CAS 84540) 

Total lene tie treaee we tytn pve 5 Ve sec. 0 aces 5.8 105.5 104.5 

Wench oi head are rire ese cue casei une Oe s 17.5 16.5 

Ten obi omstaleeses ea Arce le ks ye aie sae 40.0 36.0 

REMARKS: Paratype CNHM 74026, a female, differs from the two 

other specimens in having a remarkably pointed and more flattened head; 
it otherwise resembles the allotype. The forelimb does not extend beyond 

the tip of the snout; it ends between the snout and the anterior border of 

the eye. 

This species differs from Stenodactylus elegans in having an acces- 

sory series of tricarinate scales between the lateral fringes and the trans- 

versely enlarged median series of scales beneath the fingers and toes. Corre- 

sponding in this respect with S. petri, S. slevini differs from S. petri in the 

eradually tapering tail, in habitus, and in lepidosis. 

Stenodactylus arabicus Haas, new species. 

(Figure 4.) 

Ho.totyPeE: HUJ 2678, female, from Lat. 24°10’ N., Long. 53° E., 

on the Trucial Coast, Satidi Arabia, collected December 31 (year un- 

known), by Desmond Vesey-Fitzgerald. 

DESCRIPTION: Snout rather pointed; nostrils open on top of almost 

tubular swellings; internasal depression slight; postnasal depression deep. 

Head much narrower than in Ceramodactylus major. Rostral deeply cleft. 

First labial widely excluded from nostril; latter shield defined by the 

rostral and 3 nasals. Inner nasals meet near the suture of the rostral; 

rostral forms antero-ventral circumference of nostril, and is as high as 

wide. Upper labials 15/15; lower labials 13/13. Mental slightly longer 

than wide, with lateral borders somewhat converging posteriorly; the 

slightly convex border does not bulge beyond first infralabials. No chin 

shields. Head scales (polyhedral tubereules) rugose, flattened, largest at 

base of snout in front of eyes. Dorsal scales subimbricate, elongate, cycloid, 

perfectly smooth, as are the scales on upper side of limbs. Seales on flanks 

more cycloid, tubercular, juxtaposed. Ventral scales clearly juxtaposed, 

slightly rugose, not keeled, much larger than gular scales. Caudal scales 

arranged dorsally in transverse whorls, with dorso-median irregularities 

corresponding to an irregular ventro-median seam; dorsally, scales keeled 

only on distal half of tail; subeaudal scales smooth, with parallel trans- 

verse borders, keeled at distal half of tail. The tail tapers very gradually 
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from the insignificant basal swelling to an extremely slender, whip-like 

end. Limbs very slender; anterior limb, extended forward, reaches beyond 

tip of snout; adpressed backward, it reaches the groin. At both sides of 

root of tail a cluster of 3 to 4 conical, enlarged scales are present. Lateral 

digital fringes not prominent; the individual scales bicuspid. The medial, 

transversely enlarged series of subdigital scales bear 3 longitudinal keels; 

between these and the lateral fringes, a single row of triangular scales 

intervenes, as in S. petr. 

Color of upper side very pale; some irregular, disconnected, dark, wavy 

linear markings obscurely cross the dorsum, mostly interrupted and ir- 

regularly arranged. Some isolated dark spots present on head, but not 

on snout. Tail with about 10 brown transverse bars with dark borders 

against the pale ground color. No markings on limbs. Ventral side white. 

MEASUREMENTS OF HOLOTYPE (in mm.): Total length 104; length of 

tail 37; length of head 16; width of head 11; forelimb 21; hindlimb 28. 

Remarks: This species differs from the similar Stenodactylus petri in 

the arrangement of the scales around the nostril, and in coloration and 

body proportions. However, the two species have a similar arrangement 

of the subdigital scales. 

Figure 4. Stenodactylus arabicus Haas, new species. Upper side of hand of 

HUJ 2678. 
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Genus Ceramodactylus Blanford 

Ceramodactylus major Parker. 

(Figure 5.) 

Ceramodactylus major PARKER, 1930, Ann. Mag. Nat. Hist., (10), 6:594 (Rub’al 

Khali, Hadramaut, Satdi Arabia). 

MATERIAL EXAMINED (27) : CAS 84266, 84509, 84514, 84522-84523, 84525, 

84528, 84558, 84590, 84595, and CNHM 74013, from Dhahran, collected in 

1946, by Gasperetti; CAS 84361-84368, 84370-84372, 84374, 84482, and 

CNHM 74014, from Abqaiq, collected in 1945-1946, by Gasperetti; HUS 

2677, from Sharja, Trucial Coast, collected in 1944, by Vesey-Fitzgerald; 

HUJ 2676, from 23 miles north of Hail, collected in 1944, by Waterston. 

Remarks: The series from Dhahran and Abqaiq is rather homogene- 

ous, but there is variation in the number of transverse subdigital scales, 

which ranges from 5 to 8. The largest specimen, CAS 84522, a female, has 

a total length of 137 mm., and a tail length of 66 mm. This is smaller 

than the type which measured 152 mm. in total length and 72 mm. in 

tail length. The inner nasals may or may not be in contact. 

All of these specimens belong certainly to this species and cannot be 

= 
Figure 5. Ceramodactylus major Parker. Underside of fingers of CNHM 74014. 
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referred to C. doriae, as they have well developed digital fringes and 

rugose scales. 

The two specimens in the Hebrew University collection are from lo- 

ealities more than 800 miles apart. The Sharja specimen corresponds 

fairly well with the series from the Bahrein area, but the specimen from 

Hail has a very pale coloration compared with the series from the Bah- 

rein area. 

This specimen from Hail, HUJ 2676, has a buff ground color; whitish 

ocelli are present on the flanks and head; the darker markings on the 

upper side are very faint. The first supralabial is excluded from the 

nostril; the rostral and third nasal are narrowly in contact. The nostrils 

are swollen as in typical specimens; five series of ventral scales are pres- 

ent under the third finger. It is best to consider this aberrant specimen 

from Hail as belonging to C. major. 

Pseudoceramodactylus Haas, new genus 

TYPE SPECIES: Pseudoceramodactylus khobarensis Haas. 

DEFINITION: Somewhat intermediate between T'eratoscincus Strauch 

and Ceramodactylus Blanford. Digits not dilated; furnished with a long, 

thin, curved claw; not depressed; ventral side bulging, wider than dorsal 

surface; covered inferiorly between the lateral fringes (formed by pointed 

seales) by regularly disposed diagonal series of uniform, sharply pointed, 

minute, juxtaposed seales (about 14 in one diagonal series). Body cov- 

ered dorsally with equal, eycloid to hexagonal, smooth, juxtaposed, flat 

scales. Head seales smooth, as are the triangular, elongate, deeply imbri- 

cate ventrals. No preanal or femoral pores in males. Pupil vertical. Nos- 

trils remarkably swollen, on a turret-like prominence. A pair of chin 

shields in contact with the pointed, very elongate mental; mental extends 

beyond the first infralabials. 

Pseudoceramodactylus khobarensis Haas, new species. 
(Figures 6 and 7.) 

Houotyrpe: CAS 84458, male, from Al Khobar, Satidi Arabia, col- 

lected June 5, 1946, by John Gasperetti. 

PaRATYPES (6): CAS 84459, allotype, collected June 5, 1946; CAS 

84462, female, collected June 6, 1946; CAS 84461, female, collected 

June 6, 1946; CAS 84460, female, collected June 5, 1946; CNHM 73994, 

male, collected May 30, 1946; all specimens from the type locality, col- 

lected by Gasperetti. CAS 84431, male, from Dammam, collected May 30, 

1946, by Gasperetti. 
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Description: Habitus of a slender Stenodactylus, with remarkably 

swollen nasal area, strong neck constriction, and slender legs with rather 

short fingers. Head rather elongate; snout longer than distance between 

eye and ear opening; latter rounded, its vertical diameter contained three 

times in horizontal diameter of orbit. Rostral as broad as high, cleft 

dorsally for two-thirds of its length. Granules on snout small, largest 

dorso-medially behind rostral and in front of orbits, gradually diminishing 

in size toward frontal area. Nostrils directed somewhat upward, at top 

of a turret-like prominence, defined by rostral and 3 nasals. First labial 

widely excluded from nostril border. Inner nasals separated by 2 granules. 

Upper labials 9/10; lower labials 9/8. Mental one and two-thirds times 

as long as broad, with lateral borders strongly curved toward the first 

labials, and with a triangular continuation beyond them which is flanked 

on either side by elongate postmentals; postmentals meet medially behind 

mental. Gular tubercules largest near mental, postmentals, and infra- 

labials; they diminish in size posteriorly. The two series of largest gular 

tubercles, those bordering the infralabials and those bordering the post- 

mentals, meet behind the mental and postmentals, and form a belt as wide 

as the length of the mental. 

The back and upper side of the limbs covered by rather large, Juxta- 

C 

Figure 6. Pseudoceramodactylus khobarensis Haas, new species. a) Dorsal 

view of snout of CNHM 73994. b) Lateral view of snout of CAS 84462. c) Mental 

region of CAS 84458, holotype. 
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posed, flat, and smooth, rounded tubercles; these are polyhedral in shape 

on top of the head. Ventral scales form chevron-like, transverse, sub- 

imbricate series, with posteriorly open angle; the scales are cycloid and 

smooth, largest in the pelvic area. The mid-ventrals are bigger than the 

mid-dorsals; the lateral scales are smaller than the mid-dorsals. Be- 

tween the round gular tubercles and the flattened pectorals there is 

a region covered with elongate, juxtaposed tubercles. The scales in 

the pectoral region are much smaller than those in the pelvic area. 

On the tail the scales of the anterior third are irregularly arranged; be- 

yond this region they form annuli; this arrangement is somewhat irreg- 

ular mid-dorsally, and to a slight degree mid-ventrally. Very strong 

hemipenial swellings present in the male. In both sexes a cluster of en- 

larged scales is present at either side of the root of the tail (better devel- 

oped in the male); each cluster consists of about 5 triangular scales whose 

pointed ends project upward; in the male they are imbricate and are at 

least four times larger than the adjacent normal seales; in the female 

the scales of the cluster are only three times as large as the surrounding ones. 

Adpressed forelimb reaches the groin; adpressed hindlimb reaches the 

anterior border of the pectoral girdle; the outstretched forelimb reaches 

Figure 7. Pseudoceramodactylus khobarensis Haas, new species. Upper and 

lower sides of hand of CAS 84459. 



62 CALIFORNIA ACADEMY OF SCIENCES [ Proc. 4TH SER. 

the tip of the snout. Upper side of fingers covered by slanting series of 

approximately 7 flat, imbricate seales. At the base of the claws, at the 

tips of the fingers, a transversely enlarged scale is present ventrally; this 

is followed by another seale of similar shape, but much narrower. About 

14 minute, pointed, thorn-like, juxtaposed seales occur in regular diagonal 

series from one lateral fringe to the other. Third and fourth fingers are 

of almost equal length; the first is shorter than the fifth. First and fifth 

toes end at about the same level; fourth toe slightly longer than the third. 

The tail tapers very gradually and does not form a whip-like end portion. 

MEASUREMENTS OF HOLOTYPE AND ALLOTYPE (in mm.) : 

Holotype Allotype 

(CAS 84458) (CAS 84459) 

Motallenethh ssh tlh. eesti tech er acce eee ene eee 89 95 

Pail Wen othr: 2383s ie pgeerwcrns, ¢ eee. ahaa teeters OT 40 

eneth-or torelanli-c.2 sich ee 21 24 

bene thy ofehamdiinmpn eens seen ee 29 30 

Weneth ot meade ee escent. ae ee aa ee 15 15 

Wartelbliwost they eet vers esi Brecon Scones eee a ee 99 9.5 

Remarks: In the allotype (female), CAS 84459, there is a black, irreg- 

ular, reticulate pattern, leaving more or less cireular bright ocelli; several 

dark cross-bands are present on the tail, the spaces between them more or 

less mottled; body white ventrally, with darker specks on the lateral and 

anterior gular region; anterior pectoral area with an ill-defined trans- 

verse dark marking; markings on ventral side of the tail resemble the 

dorsal ones, but are fainter; scattered single dark scales are present on 

the underside of the limbs. 

In the holotype (male), CAS 84458, the dark dorsal markings show 

some ‘“‘condensations” in the form of ill-defined transverse bands on the 

occiput, neck, and pectoral area, with two bands across the body followed 

by 6 to 7 cross-bands on the tail. Ventral surface as in the female, but 

dark areas are fainter. 

In both specimens small dark spots are present on the supra- and infra- 

labials; tubercles on the head are usually entirely either bright or dark. 

Genus Alsophylax Fitzinger 

Alsophylax blanfordi (Strauch). 

Bunopus blanfordii Straucu, 1887, Mém. Acad. Sci. St. Pétersbourg, (7) 35:61: 

pl. 1, figs. 13-14 (Egypt [in error]: designated as Arabia [Schmidt, 1939, Field 

Mus. Nat. Hist., Zool. ser., 24:55]). 

Alsophylax blanfordii PARKER, 1931, Ann. Mag. Nat. Hist., (10) 8:519. 
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MATERIAL EXAMINED (4): CAS 84341, from Abqaiq, collected in 1945, 

by Gasperetti; CNHM 73993, from Dhahran, collected in 1946, by Gas- 

peretti; HUJ 2686, from Tebuk, collected in 1942, by Hardy; HUJ 2687, 

from central Arabia, collected in 1942, by Hardy. 

Remarks: The single male, CAS 84341, has 15 preanal pores. In the 

specimen from Tebuk, HU.J 2686, a female, the dorsal scales are more 

strongly keeled and more closely juxtaposed, especially in the temporal 

region, than in the remaining specimens. 

Genus Gymnodactylus Spix 

Gymnodactylus scaber (Heyden). 

Stenodactylus scaber HrybdEN, 1827, in Ruppell, Atlas Reise nord. Afrika, Rept., 

p. 15, pl. 4, fig. 2 (vicinity of Tor, Sinai). 

Gymnodactylus scaber DuUMERIL and BrBron, 1836, Erp. Gén., 3:421. 

MATERIAL EXAMINED (14): CAS 84480, 84483, from Abqaiq, collected 

in 1946, by Gasperetti; CAS 84389-84390, from Al Khobar, collected in 

1945, by Gasperetti; CAS 84439, from Ras at Tanura, collected in 1946, 

by Gasperetti; CAS 84275-84276, 84512, 84517, 84532-84533, 84538, and 

CNHM 74018-74019, from Dhahran, collected in 1945-1946, by Gasperetti. 

Remarks: The preanal pores vary from 4 to 6; three specimens, of 

the fourteen, have 3 pairs of chin shields instead of the usual 2 pairs. 

Genus Pristurus Ruppell 

Pristurus carteri carteri (Gray). 

Spatalura carteri Gray, 1863, Proc. Zool. Soc. London, 1863:236: pl. 20, fig. 2 

(Makulla, southern Arabia; corrected to Masirah Island [Parker, 1931, p. 515]). 

Pristurus carteri carteri Parker, 1931, Ann. Mag. Nat. Hist., (10) 8:515. 

MATERIAL EXAMINED (1): HUJ 2694, from Dhufar (at sea level), col- 

lected in 1945, by Vesey-Fitzgerald. 

Remarks: This specimen is much paler than specimens of Pristurus 

cartert tuberculatus. The nostril is set between a large crescentic anterior 

nasal and the first labial, the gap being closed by a minute posterior nasal. 

The ear-opening is an oblique slit. The snout is more pointed in profile 

than in P. c. tuberculatus. 
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Pristurus carteri tuberculatus Parker. 

Pristurus carteri tuberculatus PARKER, 1931, Ann. Mag. Nat. Hist., (10) 8:515 (Dhu- 

far, littoral [Ain al Rizat, Milwah Alaud, and Sahalnaut]). 

MATERIAL EXAMINED (3): HUJ 2685, 2695-2696, from Jebel Qara 

(2000 feet altitude), collected in 1943, by Vesey-Fitzgerald. 

Remarks: HUJ 2685 and 2696 have clearly enlarged lateral tubercles; 
in HUJ 2695 these are feebly developed and are restricted to the lumbar 

region. 

Pristurus rupestris rupestris Blanford. 

Pristurus rupestris BLANFoRD, 1874, Ann. Mag. Nat. Hist., (4) 13:454 (Muscat and 

Kharag Island; restricted to Muscat [Schmidt, 1952, Nat. Hist. Misc., no. 7, 

p. 2 and 1955, Vidensk. Medd. fra Dansk. naturh. Foren., 117:202]). 

Pristurus rupestris rupestris ScuMiptT, 1953, Fieldiana: Zoology, 34:256. 

MATERIAL EXAMINED (2): HUJ 2688, 2693, from Dhufar (at sea level). 

collected in 1945, by Vesey-Fitzgerald. 

Remarks: The female specimen has a light vertebral line, and the 

male has the normal dorsal ocellate pattern. 

Genus Hemidactylus Oken 

Hemidactylus persicus Anderson. 

Hemidactylus persicus ANDERSON, 1872, Proc. Zool. Soc. London, 1872:378: fig. 2 

(Shiraz, Persia). 

MATERIAL EXAMINED (1): CAS 84388, from Al Khobar, collected in 

1945, by Gasperetti. 

REMARKS: The 8 preanal pores are arranged in an angular series, with 

the apex directed forward; 9 lamellae are present beneath the inner finger, 

and 11 beneath the third finger; 8 lamellae are present beneath the inner 

toe, and 11 beneath the third toe (Boulenger [1885, p. 131] gives, re- 

spectively, 10 and 10, and 9 and 12). The rostral is not fused with the 

first labials. 

Genus Ptyodactylus Gray 

Ptyodactylus hasselquisti (Donndorff). 

Lacerta hasselquistii DonnporFF, 1789, Zool. Beytr., 3:133 (Egypt). 

Ptyodactylus hasselquistii DuMERIL and Bipron, 1836, Erp. Gén., 3:378. 
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MATERIAL EXAMINED (1): CAS 84591, from Dhahran, collected in 

1946, by Gasperetti. 

Remarks: The variability in this species is astonishing. The pres- 

ent specimen differs conspicuously from Palestinian ones, but a definite 

subspecifie classification is not yet feasible. 

There are 15 supralabials in this specimen as compared with 14, the 

usual number in Palestinian specimens; also, 11 infralabials are present, 

compared with 13 to 15 in the Palestinian form. The inner chin shields 

are very elongate, three times longer than broad; they meet behind the 

mental for one-third of their total length (in specimens from Palestine 

they are always short and separated from one another). The inner en- 

larged pair of chin shields is followed by enlarged, posteriorly decreasing 

postmentals, 4 on the right side and 5 on the left. The head, seen from 

above, is much narrower than in Palestinian specimens. The dorsal tu- 

bercules are flatter and larger in the Arabian specimen. The ventral 

seales of the tail form about 6 transverse series in every annulus as com- 

pared with 4 in the typical form. 

MEASUREMENTS (in mm.): Snout-vent length 70.5; tail length 60. 

Family AGAMIDAE 

Genus Agama Daudin 

Agama sinaita Heyden. 

Agama sinaita Hrypen, 1827, in Riippell, Atlas Reise nord. Afrika, Rept., p. 10, 

pl. 3 (Sinai). 

MATERIAL EXAMINED (4): HUJ 2702-2703, from Tebuk, Jauf Moun- 

tains, collected in 1942, by Hardy; HUJ 2704, from north of Jebel Aja, 

collected in 1944, by Waterston; HUJ 2705, from Jebel Aja, west of Hail, 

collected in 1944, by Waterston. 

Remarks: The terrain north of Jebel Aja is designated as rock and 

shrub; at Jebel Aja, it is granite rock. The lizards were active in the heat 

of the afternoon. The 4 specimens agree closely with specimens from 

southern Palestine. 

Agama pallida Reuss. 

Agama pallida Reuss, 1834, Mus. Senck., 1:38: pl. 3, fig. 3 (upper Egypt). 

MATERIAL EXAMINED (3): CAS 84610, and CNHM 74017, from Dhahran, 

collected in 1946, by Gasperetti; HUJ 2701, from north of Jebel Aja, col- 

lected in 1944, by Waterston. 
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Remarks: In CAS 84610, the enlarged dorsals are smooth, and are as 

wide as 4 small dorsals; there are 7 small dorsals in a longitudinal line 

between the enlarged dorsals. In CNHM 74017, the enlarged dorsals are 

keeled, smaller, and more numerous, with only 4 or 5 small dorsals be- 

tween them. 

Agama agilis Oliver. 

Agama agilis OLiver, 1804, Voy. Emp. Ottoman, 4:394: pl. 29, fig. 2 (Baghdad, Iraq). 

MATERIAL EXAMINED (1): CAS 84416, from Qatif, collected in 1945, 

by Gasperetti. 

MEASUREMENTS (in mm.): Total length 220; tail leneth 125. 

Agama persica Blanford. 

Agama persica BLANFORD, 1881, Proc. Zool. Soc. London, 1881:674: pl. 49 (Deh Bid 

and Kazerun, Iran). 

MATERIAL EXAMINED (11): CAS 84417, from Qatif, collected in 1945, 

by Gasperetti; CAS 84477, 84491-84492, from Abqaiq, collected in 1946, by 

Gasperetti; CAS 84516, 84541, 84611, 84613-84614, and CNHM 74015- 

74016, from Dhahran, collected in 1946, by Gasperetti. 

Remarks: All the males in this series have a single row of false pre- 

anal pores, as indicated in Blanford’s original description, not two rows, 

as stated by Boulenger (1885, p. 345). Eight of the specimens at hand 

(of both sexes) have a vertebral band of rather small keeled scales clearly 

set off from the larger lateral scales. CAS 84611 does not exhibit the row 

of smaller mid-dorsal scales; CAS 84477, from Abqaig, and CNHM 74015, 

from Dhahran, are intermediate. Some specimens have remarkably long 

tails; CAS 84477, a male, has a total length of 264 mm., and a tail length 

of 167 mm. 

In specimen CAS 84477, four longitudinal dark brown stripes fuse 

with the dark area on the upper side of the head. A broad dark band links 

the posterior angle of the orbit with the ear opening. Above this there 

is another stripe at the upper border of the temporal region. The gular 

region is black. The sides of the back and belly are black; medio-ventrally, 

from the anterior border of the pectoral girdle to the anterior border of 

the pelvic girdle, there is a slightly paler dark stripe; the rest of the belly 

is lighter. On the back there are two indistinctly defined longitudinal 

series of rectangular dark spots. The tail is very light, with very faint 

transverse gray cross-bars, which are much narrower than the light inter- 

vals. The dark upper side of the body contrasts strikingly with the light tail. 
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Agama jayakari Anderson. 

Agama jayakari ANDERSON, 1896, Contri. herpet. Arabia, p. 65, (Maskat). 

MATERIAL EXAMINED (2): HUJ 2699-2700, from Shinas, Batinah Coast, 

collected in 1944, by Vesey-Fitzgerald. (HUJ 2700 is without a field label.) 

REMARKS: These specimens differ from the original description in hav- 

ing 77 seales around the body, instead of 90; in having the ear opening 

larger than the eye, instead of smaller; and in the considerably larger size. 

The male specimen, HUJ 2699, measures 360 mm. total length, and 207 mm. 

tail length; the female, HUJ 2700, measures 298 mm. total leneth, and 

165 mm. tail length. In corresponding measurements, the largest male and 

female in Anderson’s series measured respectively 316 mm. and 178 mm., 

and 266 mm. and 151 mm. 

The male specimen has no preanal pores, and has a much larger gular 

pouch. Further description of this form is deferred for comparison with 

more extensive material of Agama jayakari. 

Genus Phrynocephalus Kaup 

Phrynocephalus arabicus Anderson. 

Phrynocephalus arabicus ANDERSON, 1894, Ann. Mag. Nat. Hist., (6) 14:377 (Had- 

ramout). 

MATERIAL EXAMINED (5): HUJ 2706-2710, from Abu Dhabi, collected 

in March, 1944, by Vesey-Fitzgerald. (HUJ 2710 is without a field label.) 

RemMARKS: This series agrees fairly well with the original description 

of P. arabicus. The dorsal surfaces of the Lmbs in HUJ 2709 and 2710 

are covered with keeled scales. The adlabial series of scales (adjacent to 

the lower labials) does not reach the first lower labial or the mental; the 

next series extends to the mental and first labial. The adlabials of 

P. nejdensis are better developed and reach the first labial. There are 3 

or 4 more or less distinet dark cross-bands beneath the tail; the distal third 

of the tail is invariably black. 

MEASUREMENTS oF HUJ 2710 (gravid female) (in mm.): Total length 

72; tail length 38. 

Phrynocephalus maculatus longicaudatus Haas, new subspecies. 

HouotyrE: CAS 84449, male, from Doha Dhalum, Satdi Arabia, col- 

lected July 22, 1946, by John Gasperetti. 



68 CALIFORNIA ACADEMY OF SCIENCES [ Proc. 4TH SER. 

Paratypes (14): CAS 84442-84448, 84450-84452, 84455, and CNHM 

74021-74022, from the type locality, collected in 1946, by Gasperetti; 

CAS 84511, from Dhahran, collected in 1946, by Gasperetti. 

DiaGnosis: Differs from Phyrnocephalus maculatus maculatus in hav- 

ine the posterior supraorbital scales strikingly flattened and enlarged, 

longer than wide, and larger than the mid-dorsal scales; a few dorsal scales 

are keeled or with an indication of mucronation; nostrils are directed for- 

ward instead of upward; tail is longer than twice the distance from the 

gular fold to the vent; dark coloration of the distal part of the tail is pro- 

nounced ventrally. 

MEASUREMENTS (in mm.) : 

Holotype 

CAS 84449 2 CAS 844424 CAS 84443 ¢ CAS 844449 CNHM 74022 9 

Total length.. 196 187 186 159 171 

Tail length ... 124 114 114 96 105 

Phrynocephalus nejdensis Haas, new species. 

Hotoryre: HUJ 2711, male, from Nafud, near Qana, North Nejd, 

WNW of Hail, Satidi Arabia, collected May 19, 1944, by A. R. Waterston. 

Dracnosis: Related to the P. luteoguttatus-arabicus group, differing 

from them in the small size of the gular scales, smaller ventrals and prox- 

imal subeaudals, higher numbers of upper and lower labials, and flatness of 

the dorsal head seales. 

DESCRIPTION OF TYPE: Scales on snout juxtaposed, somewhat imbricate 

in the supraocular, frontal, and temporal areas; each dorsal seale on the 

snout with a pit near its anterior border; these pits are absent in the 

upper labia! region; nostrils between 2 crescent-shaped nasals, directed 

forward, not upward; 2 scales, one behind the other, between the 2 pairs 

of nasals; 8 longitudinally ridged supraoculars on the left side, 9 on the 

right side; rostral not differentiated; 14 upper labials on each side, the 

posterior ones enlarged; 14 lower labials on each side, each with 2 or 3 

pits in its lower border; 2 chin shields in contact with the lower labials 

(thus different from P. luteoguttatus) and 2 with the enlarged mental; 

3 series of scales between the orbit and upper labials; 4 scales between 

the anteroventral border of the first nasal and the series of upper labials; 

12 very prominent fringe-like scales on the lower eyelid; a group of about 

4 longitudinally set conical scales present above the tympanic area; en- 

larged occipital shield equals about 3 of the adjacent scales; the wrist 

of the extended forelimb reaches the snout; extended backward, the finger- 

tips of the forelimb reach the middle of the backward extended thigh; hind 
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leg, stretched forward, extends well beyond the tip of the snout; claws 

long, strongly compressed laterally, weakly curved, 3 mm. long on the 

fourth finger. 

The subequal dorsals and upper nuchals are feebly keeled and imbri- 

cate; juxtaposed, flat tubercles present toward the root of the tail; scales 

narrower, but not shorter, at the sides, granular in the axilla and in the 

eroin; proximal upper ecaudals larger than largest dorsals; more distal 

eaudals sharply keeled and elongate; gulars imbricate and pointed, grad- 

ually diminishing in size posteriorly; ventrals mucronate, some of them 

indistinctly keeled; scales on upper sides of limbs smooth, larger than 

those on the back; subeaudals smaller than ventrals. 

Counted perpendicularly to the tiers of the seales, there are, in a 

leneth of 5 mm., 12 gular seales (gular region), 6 ventrals (pectoral area), 

12 dorsals (mid-body), and 10 dorsals (at base of tail). There are about 

115 seales around the middle of the body. 

Dorsally, there is a fine gray reticulum enclosing round yellow spots; 

upper sides of limbs with transverse bars; posterior half of tail blackish, 

with faint darker cross-bands; a series of black spots present on each 

side of the anterior portion of the tail; the ocellate pattern of the back 

continues onto the anterior part of the tail; the latter is uniformly gray 

distally. Ventral surface white; collar region yellow with longitudinal gray 

stripes. 

MEASUREMENTS OF HOLOTYPE (in mm.): Total length 116; tail length 

62; forelimb 32; hindlimb 50. 

REMARKS: Phrynocephalus nejdensis is related to P. luteoguttatus; the 

latter has a longer tail and has the medial gular scales smaller than the 

ventrals. 

Phrynocephalus nejdensis macropeltis Haas, new subspecies. 

Houotyre: CAS 84619, male, from Dhahran, Satidi Arabia, collected 

in 1946, by John Gasperetti. 

PaRATYPEs (48): CAS 84287-84290, 84292, 84294-84295, 84297, 84379- 

84387, 84479, 84484-84485, from Abqaiq, collected in 1945-1946, by Gas- 

peretti; CAS 84262-84263, 84277-84278, 84280-84281, 84283-84286, 84502, 

84510, 84513, 84536, 84542-84543, 84545, 84547, 84617-84618, 84620, 84622- 

84623, and CNHM 73998-73999, from Dhahran, collected in 1945-1946, by 

Gasperetti; CAS 84421, from Shimal, collected in 1946, by Gasperetti; 

CAS 84432, 84437, from I] Alat, collected May 31, 1946, by Gasperetti. 

DiaGcnosis: Differs from Phrynocephalus nejdensis nejdensis in having 

larger ventral scales, about 90 scales around the middle of the body (com- 
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pared with 115 in the typical subspecies), head scales more bulging, and 

some of the pectoral scales keeled. 

DescripTION: Habitus of Phrynocephalus; the adpressed forelimb ex- 

tends backward beyond the groin; the adpressed hindlimb extends forward 

to the anterior angle of the orbit; the tail is slightly longer than the head 

and body together. 

Dorsal seales are nearly uniform, wider than long, a very few shghtly 

enlarged, some feebly keeled; anterior ventral scales are keeled and mu- 

eronate, but not in all specimens; gular scales smooth, pointed, larger than 

the dorsals; caudal scales keeled from the first third of the tail to its tip. 

Fringes present on both sides of the third and fourth fingers and toes, 

and are longest on the outer side of the fourth toe; claws very long (in 

one large specimen, the claw on the fifth toe measured + mm. in length), 

shorter on the fingers than the toes. 

Two parallel transverse folds present on the neck; a lateral cervical 

fold extends to the groin. 

Color variable, some specimens nearly uniform, either dark or light, 

others with an ocellate pattern, or mottled; last third of the tail is black 

below, less uniformly so above. 

MEASUREMENTS OF HOLOTYPE (in mm.): Total length 114; tail length 58. 

Genus Uromastyx Merrem 

Uromastyx microlepis Blanford. 

Uromastix microlepis BLANFORD, 1874, Proc. Zool. Soc. London, 1874: 656: pl. 53 

(Basra, Iraq). 

MATERIAL EXAMINED (6): CAS 84430, from Jebel Dam, collected in 

1946, by Gasperetti; CAS 84575-84577, and CNHM 73989, from Dhahran, 

collected in 1946, by Gasperetti; HUJ 2698, from Sakaka, collected in 

1945, by Hardy. 

Family VARANIDAE 

Genus Varanus Merrem 

Varanus griseus (Daudin). 

Tupinambis griseus DAUDIN, 1803, Hist. Nat. Rept., 8:352 (Egypt). 

Varanus griseus BOULENGER, 1885, Cat. Lizards Brit. Mus., 2:306. 

MATERIAL EXAMINED (8): CAS 84298, 84300-84302, 84473, and CNHM 

74020, from Abqaiq, collected in 1945, by Gasperetti; CAS 84267, from 
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Doha Dhalum, collected in 1945, by Gasperetti; CAS 84422, from Shimal, 

collected in 1946, by Gasperetti. 

REMARKS: Specimen CAS 84422 is a handsomely colored juvenile. The 

adult specimens are of moderate size, none attaining the maximum of 

1200 mm. recorded for this species. 

Family AMPHISBAENIDAE 

Genus Diplometopon Nikolsky 

Diplometopon zarudnyi Nikolsky. 

(Figure 8.) 

Diplometopon zarudnyi Nixousky, 1907, Ann. Mus. Zool. Acad. Sci. Petrograd, 

10:277: figs 1-3 (Nasrie, Arabistan, Iran). 

MATERIAL EXAMINED (29): CAS 84274, 84406, 84529, 84534, 84539, 

84559, 84588, and CNHM 74007, from Dhahran, collected in 1945-1946, 

by Gasperetti; CAS 84343-84355, 84373, and CNHM 74008, from Abgqaiq, 

collected in 1945, by Gasperetti; CAS 84426, from Shimal, collected in 

1946, by Gasperetti; CAS 84454, from Doha Dhalum, collected in 1946, 

by Gasperetti; HU.J 2690-2692, from between Hadj and Tebuk, collected 

in 1942, by Hardy; HUJ 2689, from Sharja, collected in 1944, by Vesey- 

Fitzgerald. 

REMARKS: Most of the specimens do not show a dorsal impressed line, 

but the annuli are interrupted on the mid-dorsal line by 2 triangular 

Figure 8. Diplometopon zarudnyi Nikolsky. Dorsal and lateral views of head of 

HUJ 2696. 
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scales meeting at their apices. Ventrally, a deep median groove is always 

present. CAS 84345 has a completely divided frontal. 

Family LACERTIDAE 

Genus Acanthodactylus Wiegmann 

Acanthodactylus scutellatus hardyi Haas, new subspecies. 

Acanthodactylus scutellatus PARKER, 1931, Ann. Mag. Nat. Hist., (10) 8:521. 

Houotyre: HUJ 2682, from Hirmas Station, Satidi Arabia, collected 

December 15, 1942, by J. E. Hardy. 

DracNosts: Differs from Acanthodactylus scutellatus scutellatus, the 

form found in Egypt and Palestine, in having the dorsal scales entirely 

smooth, 12 ventral plates across the belly instead of 14, fourth supraocular 

broken up into granules, no enlarged anterior gular scales bordering the 

chin shields, prefrontals only slightly longer than broad, median suture 

of nasals very short, and the temporal granules completely smooth. 

Remarks: Parker (1931) records Acanthodactylus scutellatus from 

southern Arabia. In the conspicuous character of the number of scales 

across the belly, his specimen agrees with ours. He, also, suspected a dis- 

tinguishable geographic race in southern Arabia. 

Acanthodactylus fraseri Boulenger. 

Acanthodactylus fraseri BouLENGER, 1918, Jour. Bombay Nat. Hist. Soc., 25:373 

(Zobeiya, Shariba, Iraq). 

MATERIAL EXAMINED (10): CAS 84271, 84596, from Dhahran, collected 

in 1945-1946 by Gasperetti; CAS 84333, 84338-84339, 84486, and CNHM 

73987-73988, from Abqaiq, collected in 1945-1946, by Gasperetti; CAS 

84433, 84436, from El Alat, collected in 1946, by Gasperetti. 

REMARKS: These specimens have 4 supraoculars in front of the sub- 

oculars; the subocular reaches the labial border. Acanthodactylus fraser is 

smaller than A. cantoris. 

Acanthodactylus cantoris schmidti Haas, new subspecies. 

Houotyrpe: CAS 84599, male, from Dhahran, Satidi Arabia, collected 

in 1946, by John Gasperetti. 
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PaRATYPES (24): CAS 84268-84270, 84530, 84598, 84600-84606, 84608— 

84609, and CNHM 74010-74011, from Dhahran, collected in 1945-1946, 

by Gasperetti; CAS 84332, 84336-84337, 84340, 84342, from Abgqaiq, col- 

lected in 1945-1946, by Gasperetti; CAS 84419, from Qatif, collected in 

1945, by Gasperetti; CAS 84423, from Shimal, collected in 1946, by Gas- 

peretti; HUJ 2691, from north of Tebuk, collected in 1942, by Hardy. 

Diacnosis: Larger than Acanthodactylus cantoris arabicus; dorsal pat- 

tern reticulate instead of lineate; in the dorsolateral band of strongly 

keeled seales, the scales are about twice the size of the dorsals between 

them; the difference in size of these scales is most pronounced in the adult 

males. 

MEASUREMENTS (in mm.) : 
Holotype 

CAS 84599 3 HUJ 2681 3 

MMLC TING MG ayers tee cs es eters wid es 8 = 241 281 

‘TRL GTC 1 pee Senter Ee Coase cn ee ae ee 160 187 

Genus Eremias Wiegmann 

Eremias brevirostris (Blanford). 

Mesalina brevirostris BLANKoRD, 1874, Ann. Mag. Nat. Hist., (4) 14:32 (Kalabagh, 

Punjab, and Tumb Island, Persian Gulf. Restricted by Schmidt, 1939, Field 

Mus. Nat. Hist., Zool. Ser., 24:66, to Kalabagh, Punjab). 

Eremias brevirostris BOULENGER, 1887, Cat. Lizards Brit. Mus., 3:89. 

MATERIAL EXAMINED (14): CAS 84391-84392, 84394-84395, 84397— 

84402, 84404, and CNHM 73990-73991, from Dammam, collected in 1945, 

by Gasperetti; HUJ 2679, from central Arabia, collected in 1942, by Hardy. 

Remarks: The proposal of a Syrian subspecies, Hremias brevirostris 

microlepis, by Angel (1936, p. 112), based upon specimens lifted out of a 

series of supposedly typical FE. brevirostris, is certainly not adequately 

established. 

Eremias guttulata guttulata (Lichtenstein). 

Lacerta guttulata LICHTENSTEIN, 1823, Verz. Doubl. Mus. Berlin, p. 101 (Egypt). 

Eremias guttulata guttulata WETTSTEIN, 1928, Sitzber. Akad. wiss. Wien, (math.- 

natur:), L3%s Abt, 14782: 

MATERIAL EXAMINED (1): HUJ 2683, from central Arabia, collected 

in 1942, by Hardy. 
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Eremias adramitana Boulenger. 

Eremias adramitana BouLeNGER, 1917, Ann. Mag. Nat. Hist., (8) 19:279 (Hadra- 

maut). 

MATERIAL EXAMINED (1): HUJ 2680, from Abu Dhabi, collected in 

1944, by Vesey-Fitzgerald. 

Family ScINcIDAE 

Genus Eumeces Wiegmann 

Eumeces taeniolatus (Blyth). 

(Figure 9.) 

Eurylepis taeniolatus Biytu, 1854, Jour. Asiatic Soc. Bengal, 23:470 (Salt Range, 

Punjab, India). 

Eumeces taeniolatus SroticzKaA, 1872, Proc. Asiatic Soc. Bengal, 1872:75. 

cenlinmelers 

Figure 9. Humeces taeniolatus (Blyth). Dorsal view to show distinctive color 

pattern. 
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MATERIAL EXAMINED (1): HUJ 2670, from 23 miles north of Hail, col- 

lected in 1944, by Waterston. 

Remarks: This distinct species, described from India, is represented 

in the collections of the British Museum by specimens from Arabia. These 

eome from El Khubar, southwest Arabia, and from Museat. The remark- 

able color pattern is shown in the accompanying figure. Our specimen has 

9/8 upper labials, 58 transversely widened mid-dorsal scales, and 19 seale 

rows around the body. 

Maleolm Smith (1935, p. 342) has shown that Kumeces scutatus (Theo- 

bald) is a strict svnonym of Eumeces taeniolatus (Blyth). 

Genus Scincus Gronovius 

Scincus gasperettii Haas, new species. 
(Figure 10.) 

HouotyrE: CAS 84519, male, from Dhahran, Satidi Arabia, collected 

July 27, 1946, by John Gasperetti. 

PaRATYPE (1): CNHM 73986, male, from Abqaiq, collected in July, 

1945, by Gasperetti. 

DiaGcnNosis: A species of the S. meccensis-nutranus group, with 5 supra- 

oculars, snout rather short, and ear-opening visible as an oblique slit; dis- 

Figure 10. Scincus gasperettii Haas, new species. Dorsal view of head of 

CAS 84519, holotype. 
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tinguished from both S. meccensis and S. mitranus by having 26 scale 

rows around the body. 

DeEscrIpTION: Upper labials 8; lower labials 7; 3 loreals; 3 supracili- 

aries; 2 azygous post-mentals. Rostral not in contact with the median 

internasal; the 2 postnasals meet in a short sagittal suture; prefrontals 

paired; frontal normal in holotype, transversely divided in paratype, with 

anterior portion twice as long as posterior part; 4 triangularly pointed 

seales along the anterior border of the ear opening; nuchals 4/4. 

General color light brown, the posterior border of dorsal seales dark 

brown; patches of dorsal scales unicolor, so that a faint pattern of darker 

and lighter spotting is produced. No dark brown lateral spots present. 

MEASUREMENTS (in mm.): 
Holotype 

CAS 84519 4 CNHM 73986 ¢ 

OPAL CTI CUA. S.2cctcxe ee eepeteK ae oro bine eae 114 115 

amen Clas os coe ce NR te. Ake sohciieue waeuare 44 49 

Scincus meccensis Wiegmann. 

Scincus meccensis WIEGMANN, 1837, Arch. Natur., p. 127 (Arabia). 

MATERIAL EXAMINED (1): HU.J 2673, from Mudawara, central Arabia, 

collected in 1944, by Waterston. 

REMARKS: This specimen, with only 22 scale rows around the body, 

comes closest to Scincus meccensis. It has 6/5 supraoculars; 3 supracili- 

aries, the first much the longest; rostral with a short suture with the fronto- 

nasal; snout elongate; loreal depression slight; 8/7 upper labials; frontal 

one and two-thirds as lone as wide; prefrontals paired; 5/7 nuchals; 4/5 

triangular scales in front of the oblique ear opening. 

Definitive allocation of this specimen is obviously impossible without 

additional material from central Arabia. 

Scincus deserti Haas, new species. 

(Figure 11.) 

Hototyee: HUJ 2674, from 23 miles north of Hail, Satidi Arabia, 

collected in 1944, by A. R. Waterston. 

PaRatTyPeE (1): HUJ 2752, from central Arabia, collected in 1944, by 

Waterston. 

Diacnosis: A Scincus with 26 seale rows around the body; ear open- 

ing visible, an oblique slit, with 4 triangular and somewhat fringed scales 

covering it; 6 supraoculars; frontonasal in contact with rostral; 2 pre- 
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frontals; snout longer and narrower than in S. gasperetti; frontal elongate, 

one and one-half times as long as wide, narrowed posteriorly. Four faint 

brownish lateral spots present on each side. 

RemMArRKs: In the paratype there are 27 scale rows around the body; 

also, there is a fifth pair of brown spots in front of the forelimbs, with a 

brown marking on each knee. 

This species differs from Scincus sconcus in the absence of transverse 

dorsal bars; in having 4 fringed scales in front of the ear opening instead 

of 2; and in the presence of the lateral spots. Scincus deserti differs from 

S. phailbyi in having the ear opening clearly discernible; the supraocular 

region does not bulge as in S. philbyi; the snout tapers gradually and does 

not have the spatulate form of the latter species; and the eanthus rostralis 

is feebly marked, whereas it is sharply defined in S. philbyt. 

MEASUREMENTS (in mm.) : 
Holotype 

HUJ 2674 HUJ 2752 

TM estaill) Il ervaa ay “2 pee eee eee Ore enna 157 165 

pl ITaaaiLtiy Se Os See eee eee eee 70 59 

Present bn ae Sea tintc tenes Seely Bees cca KE ncad! Shama aie labs 28 29 

[BUTE ITNT ak Slo RR es Co ene 29 oT 

Figure 11. Scincus deserti Haas, new species. Dorsal view of head of HUJ 2674, 

holotype. 
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Scincus philbyi Schmidt 

Scincus philbyi Scumipt, 1941, Field Mus. Nat. Hist., Zool. Ser., 24:162: fig. 18 

(Anaiza, Satdi Arabia). 

MATERIAL EXAMINED (45): CAS 84296, 84303-84306, 84308-84310, 

84312-84317, 84319-84320, 84324-84330, 84487-84489, 84494, and CNHM 

74004, from Abqaiq, collected in 1945-1946, by Gasperetti; CAS 84535, 

84580-84587, and CNHM 74003, from Dhahran, collected in 1945-1946, by 

Gasperetti; CAS 84414, from Qatif, collected in 1945, by Gasperetti; CAS 

84427, 84429, from Shimal, collected in 1946, by Gasperetti; CAS 84435, 

from El] Alat, collected in 1946, by Gasperetti; CAS 84626, from Tomayiah, 

collected in 1945, by Gasperetti; HUJ 2671-2672, from Sharja, collected in 

1944, by Vesey-Fitzgerald. 

REMARKS: Of the 45 specimens in this series, 14 specimens have 2 

prefrontals, which is normal for other species in the genus, and 31 indi- 

viduals have the prefrontal fused into a single scale, as in the type series 

of S. philbyx. The number of brown lateral spots is variable; in some 

specimens they were faint or absent. The color of the spots varies from 

yellow to very dark brown. A small third loreal scale may be present 

anterior to the 2 normal loreals. 

Figure 12. Scincus philbyi Schmidt. Dorsal view of head of CAS 84414, to show 

divided prefrontal. 
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Family CHAMAELEONIDAE 

Genus Chamaeleo Laurenti 

Chamaeleo calyptratus Duméril and Duméril. 

Chamaeleo calyptratus DuMrERIL and DumeErRIL, 1851, Cat. Méthod. Rept., p. 31 (no 

locality given).—Anderson, 1896, Contri. Herp. Arabia, p. 62 (Yemen).— 

Schmidt, 1953, Fieldiana: Zoology, 34:259. 

MATERIAL EXAMINED (1): HUJ 2675, from Jebel Qara, Dhufar, col- 

lected in 1948, by Vesey-Fitzgerald. 

Order SERPENTES 

Family Borpar 

Genus Eryx Daudin 

Eryx jayakari Boulenger. 

Eryx jayakari BOULENGER, 1880, Ann. Mag. Nat. Hist., (6) 2:508 (Muscat, Arabia). 

MATERIAL EXAMINED (15): CAS 84857-84358, 84476, 84493, 84499, 

and CNHM 74023, from Abgqaiq, collected in 1945-1946, by Gasperetti; 

CAS 845538, 84570-84572, 84574, and CNHM 74024, from Dhahran, col- 

lected in 1946, by Gasperetti; CAS 84434, 84438, from El Alat, collected 

in 1946, by Gasperetti; HUJ 3868, from Sharja, Trucial Coast, Oman, 

collected in 1944, by Vesey-Fitzgerald. 

REMARKS: Twelve specimens had 5 scales between the eyes; two speci- 

mens had 4 seales between the eyes. 

Genus Coluber Linnaeus 

Coluber ventromaculatus Gray. 

Coluber ventromaculatus Gray, 1834, Illus. Indian Zool., 2: pl. 80, fig. 1 (Bengal). 

MATERIAL EXAMINED (5): CAS 84544, 84554, 84565, and CNHM 74000, 

from Dhahran, collected in 1946, by Gasperetti; HUJ 3863, from Jebel 

Qara, collected in 1943, by Vesey-Fitzgerald. 

Remarks: In the single juvenile specimen, CAS 84565 (much dam- 

aged), the anterior dorsal spots are longitudinally elliptic, changing to 

circular at mid-body, and to transverse saddle-shaped markings posteriorly; 

toward the vent the markings disappear; they are absent on the tail. 
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In 3 adult males, the ventrals vary from 203 to 206, the caudals from 

95 to 100. There are 214 ventrals and 119 caudals in the single female 

(HUJ 3863). 

Genus Lytorhynchus Peters 

Lytorhynchus diadema arabicus Haas, new subspecies. 

Hototype: CAS 84478, male, from Abqaiq, Satidi Arabia, collected 

May 17, 1946, by John Gasperetti. 

PARATYPES (8): CAS 84504, 84526, 84557, 84579, and CNHM 73955, 

from Dhahran, collected in 1946, by Gasperetti; HUJ 3859, from Satdi 

Arabia, collected in 1944, by Waterston; HUJ 3860, from Dhahran, collected 

in 1943, by Vesey-Fitzgerald; HUJ 3867, from Moreiwa Post (not located 

on map), collected in 1942, by Hardy. 

Diacnosis: Habitus more slender than the typical subspecies, with 

wider intervals between the dorsal spots, and a higher number of ventrals 

(177-193 in L. d. arabicus as compared with 161-172 in L. d. diadema). 

DescripTION: Loreal single; 1 to 3 preoculars; 2 postoculars; 2 temporals 

in the first row, 2 or 3 temporals in the second row. Rostral strongly pro- 

jecting; deeply excavated beneath. Upper labials 8, the fifth or fourth and 

fifth enter the orbit; lower labials 7 to 11, usually 9 or 10. Seale rows at 

mid-body 19; ventrals 177-193; caudals with maximum of 47. Thirty-five 

to 50 dark blotches present on the body, 9 to 16 blotches on the tail. 

Genus Malpolon Fitzinger 

Malpolon moilensis (Reuss). 

Coluber moilensis Reuss, 1834, Mus. Senck., 1:142; pl. 7, fig. 1 (Moilah, Arabia). 

Malpolon moilensis Parker, 1931, Ann. Mag. Nat. Hist., (10) 8:522. 

MATERIAL EXAMINED (9): CAS 84474, 84500, 84625, from Abqaiq, col- 

lected in 1946, by Gasperetti; CAS 84515, 84551, 84567-84568, and CNHM 

74002, from Dhahran, collected in 1946, by Gasperetti; HUJ 3861, from 

Dhahran, collected in 1943, by Vesey-Fitzgerald. 

ReMaArRKS: This species has a wide, but discontinuous distribution, 

confined to widely scattered localities from Palmyra to the middle of the 

Arabian Peninsula. 
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Genus Psammophis Boie 

Psammophis schokari (lorskal). 

Coluber schokari ForsKAL, 1775, Descr. Anim., p. 14 (Yemen). 

Psammophis schokari BouLENGER, 1896, Cat. Snakes Brit. Mus., 3:157. 

MATERIAL EXAMINED (4): CAS 84418, from Qatif, collected in 1945, 

by Gasperetti; CNHM 74001, from Dhahran, collected in 1946, by Gas- 

paretti; HUJ 3866, from 23 miles north of Hail, collected in 1944, by Wat- 

erston; HUJ 3865, from Jebel Qara, collected in 1943, by Waterston. 

Genus Naja Laurenti 

Naja haje arabica Scortecci. 

Naja haie arabica Scortecct, 1932, Atti Soc. Ital. Sci. Nat., 71:47 (San ’a Yemen). 

Naja haje arabica Parker, 1941, Brit. Mus. (Nat. Hist.), 1:5. 

MATERIAL EXAMINED (1): HUJ 3864, from Jebel Qara, collected in 

1943, by Vesey-Fitzgerald. 

ReMarRKS: This specimen is a juvenile, 535 mm. in total length and 

106 mm. in tail length. There are 214 ventrals and 77 caudals. The scales 

are in 19 rows; they do not increase on the neck. 

General color yellowish brown, darker on top of the head; the dorsal 

scales have narrow dark margins; white below, with a median interrupted 

dark brown band; each ventral with a dark posterior border. 

Genus Walterinnesia Lataste 

Walterinnesia aegypti Lataste. 

Walterinnesia aegyptia LATASTE, 1887, Le Naturaliste, 1887:411 (Egypt). 

MatTreRIAL EXAMINED (3): CAS 84498, and CNHM 74025, from Abqaiq, 

collected in 1946, by Gasperetti; CAS 84578, from Dhahran, collected in 

1946, by Gasperetti. 

Remarks: Marx (1953) has shown that Naja morgani Mocquard is 

clearly a synonym of Walterinnesia aegyptia. 
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Family HypRoPHIUDAE 

Genus Hydrophis Latreille 

Hydrophis cyanocinctus Daudin. 

Hydrophis cyanocinctus DAupIN, 1803, Hist. Nat. Rept., 7:383 (Coromandel). 

MATERIAL EXAMINED (10): CAS 84463-84464, 84466-84468, 84470- 

84472, and CNHM 73996-73997, from Al Khobar, collected in 1946, by 

Gasperetti. 

Remarks: The longest specimen measures 673 mm. in total length, 

and 73 mm. in tail length. 

Family VIPERIDAE 

tenus Pseudocerastes Boulenger 

Pseudocerastes fieldi Schmidt. 

Pseudocerastes fieldi ScumipT, 1930, Field Mus. Nat. Hist., Zool. Ser., 17:227: pl. 2, 

text fig. 2 (Bair Wells, Trans-Jordan). 

MarTERIAL EXAMINED (1): HUJ 3883, from Sakaka, near Jauf, collected 

in 1942, by Hardy. 

Remarks: This specimen extends the known range of this species, which 

includes Sinai, southern Israel, and southern Jordan, into northern Arabia. 

Genus Cerastes Wagler 

Cerastes cerastes (Linnaeus). 

Coluber cerastes LINNAEUS, 1758, Syst. Nat., 10th Ed., 1:217 (‘“‘Habitat in Oriente’’). 

Cerastes cerastes ANDERSON, 1899, Bih. Svenska Vet. Akad. Handl., 24:29. 

MATERIAL EXAMINED (23) : CAS 84503, 84505-84506, 84520-84521, 84527, 

84531, 84555, 84560-84564, 84566, and CNHM 74005, from Dhahran, eol- 

lected in 1946, by Gasperetti; CAS 84481, 84490, 84495-84496, from 

Abgqaiq, collected in 1946, by Gasperetti; CAS 84424-84425, and CNHM 

74006, from Shimal, collected in 1946, by Gasperetti; CAS 84440, from 

Abu Shaiba, collected in 1946, by Gasperetti. 



VoL. XXIX] HAAS: AMPHIBIANS AND REPTILES FROM ARABIA 83 

REMARKS: Five specimens in this series of 23 are horned. I find no 

relation between the development of horns and body size. None of the 

specimens have dark tails. 

Genus Echis Merrem 

Echis coloratus Giinther. 

Echis colorata GUNTHER, 1878, Proc. Zool. Soc. London, 1878:978 (Jebel Sharr, 

Midian). 

MATERIAL EXAMINED (1): HUJ 3862, from Satidi Arabia (exact lo- 

eality unknown), collected in 1944, by Waterston. 

CONCLUSION 

In this paper 48 species of reptiles and 3 species of amphibians are 

enumerated. With the exclusion of Jordan and the Sinai Peninsula, about 

115 species and subspecies of reptiles and 8 species and subspecies of 

amphibians are presently known from Arabia. The number of endemic 

forms in this region is considerable; the genera Stenodactylus, Phryno- 

cephalus, Agama, Uromastyx, and Scincus include a great number of 

species and subspecies known only from Arabia. In the wider relations 

of the herpetological fauna, the affinities of the elements in western and 

southwestern Arabia with the fauna of northeastern Africa are striking. 

These affinities are exemplified, at the generic level, by T'ropiocolotes, Pris- 

turus, Philochortus, Latastia, and Rhynchocalamus; at the species level, 

these affinities are exemplified by Agama sinaita, Agama cyanogaster, Uro- 

mastyx aegyptius, Acanthodactylus boskianus, Eremias guttulata, Scincus 

hemprichi, Boaedon lineatus, Coluber rhodorhachis, Dasypeltis scabra, 

Telescopus dhara, Naja haje, and Bitis arietans. Many species range over 

the whole peninsula, but those mentioned above are restricted to the west 

and south coasts and their hinterlands, and are found in northeastern 

Africa as well. A similar correspondence exists between the south Iran- 

ian and Iraqi herpetofauna and that of eastern and southeastern Arabia. 

In this southeastern part of the peninsula there are many forms that do 

not reach western Arabia. To this group belong Aslsophylax tuberculatus, 

Henudactylus persicus, Agama persica, all of the Arabian species of the 

genera Phrynocephalus and Diplometopon, and the species Acantho- 

dactylus frasert and Eumeces taeniolatus. The number of species with 

these eastern affinities is smaller than that of the western list. Many 

species, however, range from Sind, in northwestern India, across southern 
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Iran and Arabia, into Syria and Egypt. Examples are afforded by 

Eremus guttulata and Eremias brevirostris, Echis carinatus, and Varanus 

griseus. Human ageney ean have played no more than a minor role in 

such dispersals. 

The last comprehensive work on the amphibians and reptiles of 

Arabia was A Contribution to the Herpetology of Arabia, by John An- 

derson, published in 1896. Every subsequent collection from this area 

has yielded a harvest of species previously unknown. The time seems 

ripe for a renewed comprehensive work on the rich Arabian herpetofauna, 

the example for which has been set by Colonel Richard Meinertzhagen’s 

recent account of the birds. 
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INTRODUCTION 

Except for the work of Gabb and Horn (1862), that of Canu and 

Bassler (1923), and the species listed in a paper by Clark (1931), little 

has been published with reference to the fossil Bryozoa of the Pacific 

coast of North America. 

The Bryozoa reported in this paper have been assembled from various 

sources. Through the courtesy of Mr. George P. Kanakoff we were able 

to examine fossil material collected by the Section of Invertebrate Paleon- 

tology of the Los Angeles County Museum from a number of sites. Addi- 

tional specimens were collected by the authors in San Pedro, California, 

and in Santa Barbara, California. The survey disclosed 56 species of 

Bryozoa of Pleistocene age. Of this number, 19 apparently are new to the 

fossil record, 10 have not been previously reported as part of the fossil 

fauna of the Pacific coast, and 4 are reported only as fossil and have 

not as yet been numbered among the living Bryozoa of the eastern Pa- 

cifie waters. 

For each species recorded we have established the following format: 

* Contribution no. 197, Allan Hancock Foundation, University of Southern California, Los An- 

geles, California. 

1 Allan Hancock Foundation. 

2 Pittsburgh, Pennsylvania. Formerly with the Hancock Foundation 
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(1) The name of the species, author, date. (2) A limited synonymy, re- 

stricted to the original name, followed by previous eastern Pacific citations. 

(3) Brief description, and where applicable, measurements. (4) Locality 

or localities from which examined specimens were collected. (5) Oceur- 

rence, fossil and Recent records gathered from as many sources as were 

available. (6) Bathymetric range when available, including the number 

of records obtained. The age assignments are those of the original authors. 

For additional data, excellent descriptions, and illustrations, the monu- 

mental work of Osburn, Bryozoa of the Pacific Coast of America, 1950, 

1952, and 1953, should be consulted. 
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PHYLUM BRYOZOA 

CLass ECTOPROCTA 

Order GYMNOLAEMATA 

Sub-order CHEILOSTOMATA 

ANASCA Levinsen, 1909 

DIVISION I, INOVICELLATA Jullien, 1888 

Within this division we have no fossil representatives to report. 

DIVISION II, MALACOSTEGA Levinsen, 1909 

Family MEMBRANIPORIDAE Busk, 1854 

Genus Membranipora Blainville, 1830 

Membranipora tuberculata (Bosc), 1802. 

Flustra tuberculata Bosc, 1802, partim, Hist. Nat. Vers., vol. 3, no. 1, p. 118. 
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Flustra tehuelcha bv’OrBigNy, 1847, Voy. Amer. Mer., vol. 5, pt. 4, p. 17, pl. 8, 

figs. 10-14. 

Membranipora tehuelcha, Ropertrson. 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, 

p. 265, pl. 15, figs. 16, 17, pl. 16, fig. 18. 

Membranipora tuberculata, CANU and BAsSsLerR, 1923, U. S. Nat. Mus. Bull. 125, pp. 

22, 23, pl. 33, figs. 3-5. 

Nichtina tuberculata, Hastrines, 19380, Proc. Zool. Soc. London, 1929, p. 706, pl. 3, 

figs. 9, 10. 

Mamobranipora tuberculata, OspurN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 23, 24, pl. 2, figs. 4-6. 

DescripTION: Zoaria incrusting. Zooecia variable in proportions, large, 

elongate, alternate, surrounded by a calcareous border with 4-6 denticles. 

Opesia occupying about two-thirds of the front. Cryptoeyst bearing a pair 

of thick rounded ecaleareous tubercules, that may fuse in the mid-line to 

form a plate. 

Locauities: LACMIP (Los Angeles County Museum, Invertebrate 

Paleontology) loe. 66-2, Newport Harbor Mesa, Newport, California, 

Pleistocene. 

OCCURRENCE: Pleistocene: Santa Monica, California [Rustic Canyon] 

(Canu and Bassler, 1923). Pliocene: Red Crag of Walton-on-the-Naze, 

England (Kendall, 1931). Recent: World wide in warm waters of both 

Atlantic and Pacifie oceans. 

DeptH: Shallow water. Intertidal to 108 fathoms reported in the 

literature. 

Membranipora tenuis Desor, 1848. 

Membranipora tenuis Dresor, 1848, Proc. Boston Soc. Nat. Hist., vol. 3, p. 66. 

Membranipora denticulata Busk, 1856, Quart. Jour. Micro. Sci., vol. 4, p. 176, pl. 7, 

figs. 1, 2. 

Hemiseptella grandicella CANU and BASsLER, 1923, U. S. Nat. Mus. Bull. no. 125, 

105 Wal, pol, By sake aA 

Membranipora tenuis, OSBURN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 26, 27, pl. 2, figs. 9, 10. 

Description: Zoaria inerusting. Zooecia elongate, quadrangular, dis- 

tinet, separated by a narrow groove in which may be a thin brown line. 

Mural rim distinctly tubereulated. Cryptocyst depressed, finely tubereu- 

lated. Free border of the eryptoeyst bearing spinules that project into the 

oval opesia. The spinules straight, curved, or branched. Opesia occupying 
most of the frontal area. 

MEASUREMENTS: Opesia 368/195 mp. Zooecia 769/333 muy. 
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Locauities: LACMIP loe. 86-b, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. West Second and Pacific Avenue, San Pedro, Cali- 

fornia, Pleistocene. 

OccURRENCE: Lower Miocene: Bowden Marl, Bowden Jamaica (Canu 

and Bassler, 1923). Recent: Pacific: southern California, Mexico, Costa 

Riea (Haneoek collections). Atlantic: Denmark (Levinsen, 1894); Massa- 

chusetts (Desor, 1848, Osburn, 1912); North Carolina (Canu and Bassler, 

1928); Florida (Smitt, 1873); Puerto Rico (Osburn, 1940); Brazil (Mar- 

eus, 1937); Tunis (Canu and Bassler, 1930); Netherlands (Lacourt, 1949). 

DereptH: Shore (intertidal) to 36 fathoms. Based on 17 records. 

Remarks: Not previously known as fossil from the Pacifie coast. 

Membranipora savarti (Audouin), 1826. 

Flustra savarti Aupovuin, 1826, in Savigny, J. C., Descrip. l’Egypte, Hist. Nat., 

vol. 1, pt. 4, p. 240, pl. 10, figs. lla, b. 

Acanthodesia savartii, CANU and BASssLER, 1920, U. S. Nat. Mus. Bull. no. 106, 

p. 100, pl. 21, figs. 2-4. 

Acanthodesia savartii, CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. no. 125, pp. 30, 

31, pl. 11, figs. 1-9, pl. 2, figs. 2, 3, pl. 5, figs. 1-5, pl. 46, figs. 8, 9. 

Acanthodesia savartii, CANuU and Basser, 1930, Proc. U. S. Nat. Mus., no. 2810, 

vol. 76, art. 13, p. 4. 

Membranipora savarti, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 27, 28, pl. 2, fig. 7. 

DescrIPTION: Zoaria incrusting. Zooecia moderately large, with short 

denticle projecting into the opening from the center of the basal region. 

Ooecia and avicularia wanting. 

MEASUREMENTS: Opesia, 380/173 mp. Zooecia 518/300 mz. 

Locauitres: LACMIP loc. 66-2. Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OccuRRENCE: Pleistocene: Florida (Canu and Bassler, 1923). Plo- 

cene: Red Crag of Walton-on-the-Naze, London, England (Kendall, 1931). 

Miocene: Australia (Canu and Bassler, 1920); Virginia (Canu and Bass- 

ler, 1923); Torino, Italy (Scotti, 1936); New Jersey (Richards, 1942). 

Recent: Florida, Tortugas Island, Gulf of Mexico, Puerto Rico (Osburn, 

1940); Venezuela (Oburn, 1947); Sulu Sea, Celebes Sea, Zamboanga, P. L., 

Indian Ocean, Zanzibar, Red Sea, Ceylon, Galapagos (Canu and Bassler, 

1929); Brazil (Marcus, 1937); Philippine Islands (Harmer, 1926); Suez 

Canal (Hastings, 1927); Great Barrier Reef, Australia (Livingston, 1927) ; 

Japan, Java, New Guinea, Singapore, Malay Peninsula (Okada and Mata- 
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wari, 1938); San Diego, California, Panama, Baja California, Costa Riea, 

Galapagos, Colombia, Mexico (Hancock stations). 

DeptH: 5 to 75 fathoms (shallow water characteristically). 

Remarks: Not previously known as fossil on the Pacifie coast. 

Genus Conopeum Gray, 1848 

Conopeum commensale Kirkpatrick and Metzelaar, 1922. 

Conopeum commensale KIRKPATRICK and MrtzeLAAr, 1922, Proc. Zool. Soc. London, 

p. 985, pl. 1, figs 1, 4-7, 9. 

Conopeum commensale, OspuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 30, 31, pl. 2, figs. 12-15. 

DeEscripTION: Zoaria incrusting, multilaminar. Zooecia distinct, oval, 

alternate. Zooecial margins, in protected portions of a zoarium, granular, 

serrated along the opesial border. Proximal to each zooecium are two low 

tubercules, often fused so as to appear as a single prominence. No avicu- 

laria or ovicells. 

MEASUREMENTS: Opesia, 403/208 mp. Zooecia, 530/299 mp. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. LACMIP loc. 136, Newport Bay Road, Newport, Cali- 

fornia, Pleistocene. 

OccuRRENCE: Recent: Atlantic: Brazil (Mareus, 1937, 1938, 1939); 

Argentina (Kirkpatrick and Metzelaar, 1922). Pacific: Baja California, 

Mexico, Guatemala, Costa Rica, Panama, Ecuador, Peru (Haneock sta- 

tions). 

DeptH: Shore collecting (intertidal) to 130 fathoms (21 records). 

ReMARKS: Not previously listed as fossil. 

Genus Antropora Norman, 1903 

Antropora tincta (Hastings), 1930. 

Crassimarginatella tincta Hastines, 1930, Proc. Zool. Soc. London, 1929, pp. 708, 

709, pl. 5, figs. 16a, p. 117, fig. 120. ‘‘Wembranipora ? denticulata (old)’’ B.M. 

99.7 1.1048 Busk (fide Hastings). 

Membranipora lacroizi RoBertson, 1908, partim, Univ. Calif. Publ. Zool. vol. 4, 

no. 5, pp. 261, 262, pl. 14, fig. 5. 

Antropora tincta, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, p. 54, 

TO, 4h, male, (5 105 UA, aie 0G te 
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Description: Zoaria inecrusting. Zooecia with a narrow tuberculate 

eryptoeyst. Around each of the zooecia are 5 to 6 small triangular open- 

ings. Our fossil specimens give evidence of a few avicularia scattered 

among the zooecia. 

MEASUREMENTS: Opesia, 242/162 mp. Zooecia, 368/230 mu. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OccuRRENCE: Recent: Panama Canal, Galapagos Islands (Hastings, 

1930); Mazatlan, Mexico (Busk 1856, fide Hastings); California, Gulf of 

California, Baja California, Mexico, Guatemala, Costa Rica, Panama, Eeua- 

dor, Peru, Galapagos Islands (Hancock stations). 

DeptH: Shore (intertidal) to 103 fathoms (51 records). 

Remarks: Not previously found as fossil. 

Genus Cauloramphus Norman, 1905 

Cauloramphus spiniferum (Johnston), 1838. 

Flustra spinifera Jounston, 1838, Trans. Nat. Hist. Soc. Northumb. Durk. Newcle., 

vol. 2, p. 266, pl. 9, fig. 6. 

Membranipora spinifera, ROBERTSON, 1900, Proc. Wash. Acad. Sci., vol. 2, p. 324. 

Membranipora spinifera, Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, 

p. 265, pl. 15, fig. 15. 

Schizoporella spinifera, CANU and BAsster, 1920, U. S. Nat. Mus. Bull. 106, pp. 

DoOleOO Ss 

Cauloramphus porosus CANU and BaAsster, 1923, U. S. Nat. Mus. Bull. 125, p. 48, 

Die sb sstigs, 17. 

Membranipora spinifera, O’DoNoGHUE and O’DonocHur, 1923, Contr. Canad. Biol., 

n. s., vol. 1, no. 10, p. 168. 

Cauloramphus spinifer, O'DONOGHUE and O’DoNOGHUE, 1925, Univ. Wash. Pub. Puget 

Snd. Biol. Sta. Trans., vol. 5, pp. 97, 98. 

Cauloramphus spinifer, O’DoNoGHUE and O’DonoGHuE, 1926, Contr. Canad. Biol., 

n. S., Vol. 3, NO.70, Ds SD: 

Cauloramphus spiniferum, Hastines, 1930, Proc. Zool. Soc. London, 1929, p. 713. 

Cauloramphus spiniferum, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

DD. 55, 56, pla 5, ties 9: 

DEscRIPTION: Zoaria inerusting. Zooecia oval, alternate, margin wide, 

raised and roughened by minute tubercles. Zooecia having a variable 

number of spines in the recent Pacific material, 10-12, that have been 

eroded in the fossil material. This left shallow sockets which are considered 

to be “pores” by Canu and Bassler (1923). Recent species showing avicu- 
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laria tapering to small bases adjacent to the larger spines; thus the ‘“‘pores” 

seen on the fossil specimens are not just the bases of avicularia, but also 

of spines. Aperture occupying entire frontal area. 

MEASUREMENTS: Opesia, 621/264 mp. Zooecia 747/368 muy. 

Locauities: LACMIP loe. 130-7, opposite Berth 79, Los Angeles har- 

bor, Timm’s Point formation, Pleistocene. LACMIP loc. 66-2, Newport 

Harbor mesa, Newport, California, Pleistocene. Bath-house Beach, Santa 

Barbara, California, Pleistocene. W. Second and Pacific Avenue, San 

Pedro, California, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Barbara, California (Canu and Bass- 

ler, 1923). Recent: Pacific: Alaska (Robertson, 1902); British Columbia 

(O’Donoghue and O'Donoghue, 1923, 1925, 1926); California, Mexico, Peru, 

Galapagos Islands (Hancock Foundation station records); Galapagos 

Islands (Hastings, 1930). Atlantic: Arctic, Greenland, Sweden (Borg, 

1930, 1933); E. Finmark (Norman, 1903); England (Johnston, 1838, 1847; 

Alder, 1857; Hineks, 1862, 1880; Bassindale, 1941, 1943; Mar. Biol. Assoc., 

1931) 

DeptH: Shore (intertidal) to 230 fathoms, based on 35 records. 

Family ALDERINIDAE Canu and Bassler, 1927 

Genus Callopora Gray, 1848 

Callopora circumclathrata (Hincks), 1881. 

Membranipora circumclathrata Hincxks, 1881, Ann. Mag. Nat. Hist., ser. 5, vol. 8, 

Ty JUHI, By sites ale 

Membranipora circumclathrata, Roperrson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, 

pp. 259, 260, pl. 14, figs. 1, 2. 

Membranipora circumclathrata, O’DONOGHUE and O’DONOGHUE, 1923, Contr. Canad. 

Biol., n. s., vol. 1, p. 166. 

Callopora circumclathrata, CANuU and BASsSLER, 1923, U. S. Nat. Mus. Bull. 125, p. 43, 

pl. 34, figs. 1-3. 

Callopora circumclathrata, O’DoNOGHUE and O’DoNnoGHuUE, 1925, Univ. Wash. Pub. 

Puget Snd. Biol. Sta., Trans., vol. 5, p. 97. 

Callopora circumclathrata, O’DoONOGHUE and O’DoNnoGHUE, 1926, Contr. Canad. Biol. 

Fish., n. s., vol. 3, no. 3, p. 97. 

Callopora circumclathrata, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

jo, Hay, GOs pollk 75 sales ale 

DESCRIPTION: Zoaria inecrusting, due to erosion, lacking the spines 

prominent on the recent material. Zooecia elongate, oval, distinct. Mural 

rim of well preserved zooecia finely beaded, granular. Attachment points 
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of spines, both lateral and distal, indicated by small pits. Proximal avicu- 

laria abundant, variable in size. Few ovicells intact, smooth, raised, rounded. 

MEASUREMENTS: Opesia 276/185 mp. Zooecia 518/299 mu. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OccuRRENCE: Pleistocene: Santa Monica, California (Canu and Bass- 

ler, 1923). Recent: Pacific: British Columbia, Puget Sound region (O’Don- 

oghue 1923, 1925, 1926); California (Robertson, 1908, Hancock station ree- 

ords); Galapagos Islands (Hancock stations). 

DeptH: Shore (intertidal) to 131 fathoms (based on 11 records). 

Callopora corniculifera (Hincks), 1882. 

Membranipora corniculifera Hincxs, 1882, Ann. Mag. Nat. Hist., ser. 5, vol. 10, 

p. 468, pl. 20, figs. 4, 4a. 

Hincksina (Membranipora) corniculifera, CANU and BaAssteEr, 1920, U. S. Nat. Mus. 

Bull. 106, p. 112. 

Cauloramphus triangularis CaANu and BAssuter, 1923, U. S. Nat. Mus. Bull. 125, 

pp. 48, 49, pl. 33, figs. 14-16. 

Callopora corniculifera Ospurn, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

Dp. 166;.6%, pl. 7, fe. 1 

DESCRIPTION: Zoaria inerusting. Zooecia distinct, large opesia ovoid, 

with narrow distal end. Sears of 6—8 spines on the opesial rim. Avicularia 

small, located on the mural rim of the distal half of the zooecia. Ovicells 

large, globose, some with a varied process immediately above the aperture. 

MEASUREMENTS: Zooecia 640/410 muy. 

Locauities: LACMIP loc. 130-7, opposite Berth 79, Los Angeles har- 

bor, Timm’s Point formation, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Barbara, California (Canu and Bass- 

ler, 1923). Recent: British Columbia (Hincks, 1882); California (Osburn, 

1950). 

DeptH: Two records (Hancock) 6 and 38 fathoms respectively. Hincks 

gave no depth data on the British Columbia specimens. 

Genus Copidozoum Harmer, 1926 

Copidozoum tenuirostre (Hincks), 1880. 

Membranipora tenuirostris Hincxks, 1880, Ann. Mag. Nat. Hist., ser. 5, vol. 6, pp. 

(Os Te plo} fies 3: 
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Membranipora tenuirostris, HincKs, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 10, p. 465. 

Callopora tenuirostris, CANU and BAssLErR, 1920, U. S. Nat. Mus. Bull. 106, p. 146, 

figs. F, G, pp. 147, 154, pl. 29, figs. 10, 11. 

Callopora tenuirostris, O’DoNoGHUE and O’DonoGHutr, 1926, Contr. Canad. Biol. 

Fish., vol. 3, no. 3, p. 79, pl. 3, fig. 24. 

Callopora tenuirostris, CANU and Basser, 1930, Proc. U. S. Nat. Mus., no. 2810, 

Wolk, 7h; era al}, To, 24 os Gy OE 

Copidozoum tenwirostre, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

105 7s 1, te aiksy 2S 

DeEscrRIPTION : Zoaria inerusting. Zooecia oval, broader below than above, 

with wide border. Few small spines (spinules) projecting into orifice from 

the rim. Avicularia found in interzooecial spaces, irregularly spaced 

throughout the zoarium. 

MEASUREMENTS: Opesia 345/218 mp. Zooecia 437/276 muy. 

LocauitiEs: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OCCURRENCE: Miocene: Touraine (Canu, fide Canu and Bassler, 1920). 

Eocene: Mississippi (Canu and Bassler, 1920). Recent: Pacific: British 

Columbia, Queen Charlotte Islands (Hincks, 1884, O’Donoguhe, 1926) ; 

Galapagos Islands (Canu and Bassler, 1930) ; California, Gulf of California, 

Channel Islands, Baja California, Mexico, Costa Rica, Panama, Colombia 

(Haneock stations, Osburn, 1950); Galapagos Islands (Hancock stations). 

Atlantic: Brazil (Marcus, 1937); Florida (Canu and Bassler, 1928); Gulf 

of Mexico (Canu and Bassler, 1928); Cape Verde Islands (Waters, 1918) ; 

Mediterranean (Waters, 1879, 1885); Madeira (Hincks, 1880). 

DeptH: Shore (intertidal) to 164 fathoms (37 records). 

ReMARKS: Not previously recorded as fossil on the Pacific coast of North 

America. 

Genus Tegella Levinsen, 1909 

Tegella robertsonae (O’Donoghue and O’Donoghue), 1926. 

Membranipora unicornis, ROBERTSON, 1900, Proc. Wash. Acad. Sci., vol. 2, p. 324. 

Membranipora occultata Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, 

pp. 262, 263, pl. 14, figs. 6-9. (non) Membranipora occultata WATERS, 1887, 

Quart. Jour. Geol. Soc. London, vol. 43, p. 48, pl. 6, figs 12, 12a, pl. 8, fig. 40. 

Tegella (Membranipora) occuitata, CANU and BASSLER, 1920, U. S. Nat. Mus. Bull. 

106, p. 166. 

Membranipora occultata, O'DONOGHUE and O’DoNOGHUE, 1923, Contr. Canad. Biol., 

nas volede no: 10s pe L6r. 

Tegella robertsoni O’DoNoGHUE and O’DonoGHUE, 1926, Contr. Canad. Biol. Fish., 

ie ih WO By 10), BS fob te 
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Tegella robertsonae, Ospurn, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 81, 82, pl. 9, fig. 5. 

Description: Zoaria incrusting. Zooecia alternate, with large apertures 

occupying most of the frontal area. Inner rim of the margin finely notched. 

Avicularia large, frequent, raised, pointed obliquely forward. Occasional 

smaller broad avicularia may be found. Ovicells small, globose, may be sur- 

mounted by avicularia. 

MEASUREMENTS: Aperture, 125/162 mp. Zooecia, 690/483 muy. 

Locauities: LACMIP loc. 76, “lumber yard” San Pedro, California, 

eoll. Dr. A. T. Tieje. Pleistocene. Bath-house Beach, Santa Barbara, Calli- 

fornia, Pleistocene. 

OCCURRENCE: Pleistocene (early): Japan, Dizodo Beds, Boso Penin- 

sula (Sakakura, 1935). Recent: Pacific: Alaska (Robertson, 1900, 1908) ; 

British Columbia, (coll. E. F. Ricketts in Hancock collection) ; Vancouver 

Island (O’Donoghue and O’Donoghue, 19238, 1926). 

DeptH: 6 to 12 fathoms (one record). 

Remarks: Not previously recorded as fossil from the Pacific Coast of 

North America. 

Genus Chapperia Willey, 1900 

Chapperia patula (Hincks), 1881. 

Membranipora patula Hincks, 1881, Ann. Mag. Nat. Hist., ser. 5, vol. 7, p. 150, 

pl. 9, fig. 4. 

Membranipora patula, Hincks, 1882, Ann. Mag. Nat. Hist., ser. 5, vol. 10, p. 465. 

Membranipora patula, Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, p. 263, 

pl. 15,+fig. 10. 

Membranipora patula, O’DoNoGHUr and O’DoNOGHUE, 1923, Contr. Canad. Biol., 

n. s., vol. 1, no. 10, p. 167. 

Chaperia galeata CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, pp. 52-54, pl. 34, 

figs. 9, 10, but not 8. 

Amphiblestrum patulum, O’DonocHUrE and O’DonoGHuE, 1925, Univ. Wash. Pub. 

Puget Snd. Biol. Sta. Trans., vol. 5, p. 97. 

Amphlestrum patulum, O’DonoGHUE and O’DonoGHuE, 1926, Contr. Canad. Biol. 

Fish., n. s., vol. 3, no. 3, pp. 83, 84. 

Chapperia patula, OsBURN, 1950, Allan Hancock Pac. Expds. vol. 14, no. 1, p. 89, 

pl. 10, figs. 1, 2. 

Description: Zoaria inerusting. Zooecia distinct, large, broad, and 

short. Raised distal rim bearing the sears of 4-6 spines. Avicularia small, 

triangular, numerous, located in front of the spines on the border of the 

distal rim. Ovicells large, globular, smooth. 
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MEASUREMENTS: Opesia, 299/230 mp. Zooecia 690/356 mu. 

Locauities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Barbara, Santa Moniea, California 

(Canu and Bassler, 1923) Pliocene: New Zealand (Waters, 1887); Italy 

(Manzoni, 1875). Miocene: Australia (Waters, 1882); Italy (Sequenza, 

1882). Recent: Pacific: Queen Charlotte Islands (Hincks, 1882); Califor- 

nia (Hineks, 1881, Robertson, 1908); Vancouver Island region (O’Don- 

oghue and O’Donoghue, 1923, 1926); Puget Sound, Washington (O’Don- 

oghue and O’Donoghue, 1925); California, Mexico, Baja California, Ga- 

lapagos Islands (Hancock stations). 

DertH: Shore (intertidal) to 252 fathoms (44 records). 

DIVISION III, COILOSTEGA Levinsen, 1909 

Family Microporipar Hincks, 1880 

Genus Microporina Levinsen, 1909 

Microporina borealis (Busk), 1855. 

Salicornaria borealis Busk, 1855, Quart. Jour. Micro. Sci., vol. 3, p. 254, pl. 1, figs. 1-3. 

Cellaria borealis, H1incks, 1882, Ann. Mag. Nat. Hist., ser. 5, vol. 10, p. 463. 

Cellaria borealis, RopertTson, 1900, Proc. Wash. Acad. Sci., vol. 2, p. 322. 

Cellaria borealis, RopertTsoNn, 1905, Univ. Calif. Pub. Zool., vol. 2, no. 5, pp. 287, 288, 

pl. 16, fig. 102. 

Cellaria borealis, O’DoNoGHUE and O’DoNoGHuUr, 1923, Contr. Canad. Biol., n. s., 

vol. l. no; 105 p: 1165. 

Microporina borealis, CANU and BaAsster, 1923, U. S. Nat. Mus. Bull. 125, p. 84. 

Microporina (Salicornaria) borealis, O'DONOGHUE and O’DoNOoGHUE, 1926, Contr. 

Canad. Biol. Fish., n. s., vol. 3, no. 3, p. 95. 

Microporina borealis, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

p. 106, pl. 11, fig. 2. 

DESCRIPTION: Zoaria erect. Zooecia elongate, alternate, distinet with 

lateral walls raised. Aperture rounded distally with a pair of teeth pro- 

jecting upward on the proximal rim. On some zooecia, avicularia occu- 

pying the area just distal to the aperture. No avicularian mandible pre- 

served. 

MEASUREMENTS: Aperture, 103/161 mp. Zooecia 690/264 muy. 

Locauities: LACMIP loc. 68—B, Newport Harbor mesa, lower north, 

Newport, California, Pleistocene. LACMIP loc. 130-7, opposite Berth 79, 

Los Angeles harbor, Timm’s Point formation, Pleistocene. 
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OccuRRENCE: Recent: Pacific: Alaska (Robertson, 1900, 1905); Queen 

Charlotte Islands, British Columbia (Hincks, 1882); Vancouver Island re- 

gion (O’Donoghue and O'Donoghue, 1923, 1926); Japan (Canu and Bassler, 

1929, Sakakura, 1936, Silén, 1942); Alaska (Osburn, 1950). Atlantic: 

Greenland (Busk, 1855, Osburn, 1936); Spitzbergen (Nordgaard, 1917); 

Hudson Bay (Osburn, 1932). 

Depth: 6 to 69 fathoms (5 records). 

Remarks: This appears to be the first occurrence of this species in the 

fossil record. 

Genus Labioporella Harmer, 1926 

Labioporella sinuosa Osburn, 1940. 

Labioporella sinuosa OsBuRN, 1940, N. Y. Acad. Sci., Sci. Sur. Porto Rico and Vir- 

gin Islands, vol. 16, pt. 3, p. 377, pl. 5, figs. 40, 41. 

Labioporella sinuosa, OspurN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 109, 110, pl. 11, fig. 12. 

Description: Zoaria incrusting. Zooecia regular, mural rim raised, 

beaded. Orifice large, arched anteriorly, almost straight across posteriorly. 

No avicularia. No ovicells. 

MEASUREMENTS: Aperture, 92/172 mp. Zooecia 494/195 muy. 

Locairtes: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. 

OccuRRENCE: Recent: Pacific: Gulf of California, Baja California, Mex- 

ico, Panama, Ecuador (Osburn, 1950). Atlantic: Puerto Rico, Virgin 

Islands (Osburn, 1940). 

DeptH: Shore (intertidal) to 55 fathoms (4 records). 

REMARKS: This species has not been previously recorded in the fossil 

record. 

Family THALAMOPORELLIDAE Levinsen, 1909 

Genus Thalamoporella Hincks, 1887 

Thalamoporella californica (Levinsen), 1909. 

(Non) Membranipora gothica Busk, 1856, Quart. Jour. Micro. Sci., vol. 4, p. 176, 

pl. 7, figs. 5-7. 

Steganoporella Rozieri form gothica H1ncks, 1880, Ann. Mag. Nat. Hist., ser. 5, 

vol. (6; p: 380) pl. 16; fizs93: 



VoL. XXIX | SOULE AND DUFF: FOSSIL BRYOZOA 99 

Thalamoporella rozieri, ROBERTSON, 1908, Univ. Calif. Publ. Zool., vol. 4, no. 5, 

pp. 277-279, pl. 17, figs. 27-29, pl. 18, fig. 30. 

Thalamoporella Rozieri var. E. (californica) LEVINSEN, 1909, Cheilo. Bryozoa, p. 184, 

pl. 66, figs. 2a-d, Copenhagen. 

Thalamoporella californica, HAstTinGs, 1930, Proc. Zool. Soc. Lond., 1929, no. 42, 

p. 716, pl. 10, figs. 47-53, pl. 11, figs. 56, 57. 

Thalamoporella californica, OSBURN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 111, 112, pl. 12, fig. 2. 

Description: Zoaria large, incrusting or erect. Zooecia oblong, quad- 

rangular, alternate. Margin broad, separating zooecial rows, and frequently 

rising anteriorly on each side of the orifice into blunt processes which may 

be continued in an are around the oral extremity. Orifice prominent, occu- 

pying about one-third of the front. Seattered avicularia, large, some occu- 

pying the place of a zooecium in the colony. Ovicells, when present, large, 

smooth, globose, with a bilobate appearance. 

MEASUREMENTS: Aperture, 118/69 mp. Zooecia 586/483 my. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OCCURRENCE: Recent: Pacific: California (Robertson, 1908, Osburn, 

1950) ; Galapagos Islands (Hastings, 1930, Osburn, 1950); Baja California, 

Mexico, Costa Rica, Panama (Osburn, 1950, and Haneock stations). 

DeptH: Shore (intertidal) to 80 fathoms. 

Remarks: This species is new to the fossil record. 

Family LUNULARIDAE Levinsen, 1909 

Genus Discoporella d’Orbigny, 1852 

Discoporella umbellata (Defrance), 1825. 

Lunulites umbellata DEFRANCE, 1823, Dict. Sci. Nat., vol. 27, p. 361. 

Cupularia canariensis, Ropertson, 1908, Univ. Calif. Publ. Zool., vol. 4, no. 5, 

p. 314, pl. 24, figs. 90, 91. 

Cupularia umbellata, CANu- and BASsLER, 1923, U. S. Nat. Mus. Bull. 125, pp. 80-82, 

pl. 2, figs. 15-19. 

Cupularia robertsoniae, CANU and BASsLER, 1923, U. S. Nat. Mus. Bull. 125, p. 82, 

pl. 34, figs. 5-7. 

Discoporella umbellata, Hastines, 1930, Proc. Zool. Soc. Lond., 1929, no. 42, pp. 

7H, GIS), ole alals ake Gye 

Cupularia umbellata, CANuU and Basser, 1930, Proc. U. S. Nat. Mus., no. 2810, vol. 

WG. ene, ies aoe Jak ay 
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Discoporella umbellata, OspuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 113, 114, pl. 11, figs. 7-10 

DESCRIPTION: Zoaria incrusting, flattened, wider than high, shaped like 

an umbrella or coolie-hat. Zooecia spirally arranged, elongate, distinct. 

MEASUREMENTS: Opesia, 241/184 mp. Zooecia, 368/240 mp. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Monica, California (Canu and Bass- 

ler, 1923). Pliocene: South Carolin, Florida (Canu and Bassler, 1923); 

Italy (Waters, 1921). Miocene: Florida, South Carolina, North Carolina, 

Costa Rica, Jamaica, Santo Domingo (Canu and Bassler, 1923); Franee, 

Austria, Hungary (Waters, 1921); Italy (Scotti, 1936); New Jersey, 

South Carolina (Gabb and Horn, 1862). Oligocene: France (Waters, 

1921). Recent: Pacific: California, northern Channel Islands to Eeuador, 

Galapagos, Colombia, Panama, Costa Rica, Mexico, Gulf of California (Os- 

burn, 1950); Galapagos (Canu and Bassler, 1930, Hastings, 1930); Colom- 

bia (Hastings, 1930); Guatemala, Baja California (Haneock stations). At- 

lantic: Florida, North Carolina (Smitt, 1873, Osburn, 1914); Panama, 

Tortuga, Aruba (Osburn, 1947); Gulf of Mexico (Canu and Bassler, 1928) ; 

Brazil (Silén, 1942); Canary Islands (Calvet, 1907); Spain (Norman, 

1909): 

DeptH: Shore (intertidal) to 160 fathoms (187 records). 

DIVISION IV, PSEUDOSTEGA Levinsen, 1909 

Family CELLARIDAE Hincks, 1880 

Genus Cellaria Solander, 1786 

Cellaria mandibulata Hincks, 1882. 

Cellaria mandibulata Hincks, 1882, Ann. Mag. Nat. Hist., ser. 5, vol. 10, pp. 463, 464. 

Cellaria mandibulata, Hincxs, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 18, p. 209, 

oe Ge gies We 

Cellaria mandibulata, Ropertson, 1905, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 288, 

289, pl. 15, figs. 87-89, pl. 16, fig. 103. 

Cellaria mandibulata, CANU and BAssurErR, 1923, U. S. Nat. Mus. Bull. 125, p. 86, 

pl. 34, figs. 11-14. 

Cellaria mandibulata, O’DoNnoGHUE and O’DoNnoGHurE, Contr. Canad. Biol., n. s., 

vol. 1, no. 10, p. 165. 

Cellaria mandibulata, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

DD 6) elena e hi ole 
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DESCRIPTION: Zoaria of the fossil material only fragments of the masses 

of irregular branches such as are found in the specimens of this species 

living in present waters. Zooecia large, elongate, narrowed at the proximal 

end, situated within short slender internodes. Frontal raised, convex, 

minutely porous. Avicularia long, resembling most an extra large zooecium. 

Ooecia, when present, circular or oblong, occupying the space upon each 

zooecia above the orifice. 

MEASUREMENTS: Aperture, 103/138 mp. Zooecia 598/276 mp. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, south location, 

Newport, California, Plestiocene. Bath-house Beach, Santa Barbara, Cali- 

fornia, Pleistocene. Packard’s Hill, Santa Barbara, California, Pleistocene. 

West Second and Pacifie Avenue, San Pedro, California, Pleistocene. 

OccURRENCE: Pleistocene: Los Angeles, California (Canu and Bassler, 

1923). Recent: Pacific: Queen Charlotte Islands (Hincks, 1882, 1884), 

Vancouver Island region (O’Donoghue and O'Donoghue, 1923); California 

(Robertson, 1905, Osburn, 1950); Mexico (Osburn, 1950); Channel Islands 

(Haneoek stations). Atlantic: Aruba Island Caribbean Sea (Osburn, 1947). 

DerptH: Shore (intertidal) to 131 fathoms (75 records). 

Cellaria diffusa Robertson, 1905. 

Cellaria diffusa RoBEeRTSON, 1905, Univ. Calif. Pub. Zool., vol. 2, no. 5, pp. 289, 290, 

pl. 15, fig. 90, pl. 16, fig. 104. 

Cellaria diffusa, CANuU and Basser, 1923, U. S. Nat. Mus. Bull. 125, p. 86, pl. 34, 

figs. 19, 20. 

Cellaria fissurifera CANU and BASsLeER, 1923, U. S. Nat. Mus. Bull. 125, pp. 85, 86, 

pl. 34, figs. 15-18. 

Cellaria diffusa, O’DONOGHUE and O’DoNoGHUE, 1923, Contr. Canad. Biol., n. s., 

Volos enon l0. ps 165: 

Cellularia diffusa, O‘DONoGHUE and O’DonoGHur, 1925, Univ. Wash. Pub. Puget 

Snd. Biol. Sta., Trans., vol. 5, p. 100. 

Cellularia diffusa, O’DoNoGHUE and O’DonoGHuE, 1926, Contr. Canad. Biol. Fish., 

n. s., vol. 3, no. 3, p. 96. 

Cellaria diffusa, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, pp. 117, 

118, pl. 12, fig. 9. 

DeEscrIPTION: Zoaria consisting of fragments of elongate cylindrical 

internodes, connected by joints. Internode variable in length. Zooecia 

depressed, narrower below and above than in the middle, truncated at each 

end. Avicularia occurring in place of zooecia, small, almost square. 

MEASUREMENTS: Aperture, 80/103 mp. Zooecia, 540/312 mp. 

Localities: West Second and Pacific Avenue, San Pedro, California, 
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Pleistocene. LACMIP loc. 64, Hill-top quarry, Pleistocene. LACMIP loe. 

130-7, opposite Berth 79, Los Angeles harbor, Timm’s Point formation, 

Pleistocene. 

OccURRENCE: Pleistocene: Santa Monica [Rustic Canyon], California 

(Canu and Bassler, 1923); Los Angeles, California (Canu and Bassler, 

1923.) Recent: California, Channel Islands, Baja California, Galapagos, 

Mexico (Osburn, 1950, and Hancock station records); California (Robert- 

son, 1905); Puget Sound (Robertson, 1905, O’Donoghue and O’Donoghue, 

1925); Vancouver Island (O’Donoghue and O’Donoghue, 1923, 1926). 

DeptH: Shore (intertidal) to 118 fathoms (27 records). 

DIVISION V, CELLULARINA Smitt, 1867 

Family ScRUPOCELLARIIDAE Levinsen, 1909 

Genus Amastigia Busk, 1852 

Amastigia rudis (Busk), 1852. 

Caberea rudis BuskK, 1852, Cat. Mar. Polyzoa, Brit. Mus., Cheilo. pt. 1, p. 38, pl. 46, 

figs. 1-3. 

Amastigia rudis, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, p. 127, 

pl. 16, figs. 3-5. 

DESCRIPTION: Zoaria erect, chitinous, multiserial. Zooecia crowded, 

ovoid. Avicularia of two types; frontal, small, triangular, dorsal, elongated, 

vibracula-like, pointing proximally. Marginal zooecia may have greatly 

enlarged frontal avicularia, gigantic, pointing proximally in contrast to 

the other smaller avicularia directed distally. Ovicells prominent, low, 

globose, with a heavily chitinized distal area well demarked from the 

proximal. 

MEASUREMENTS: Zooecia range between 420 mp and 490 my. 

Locauities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. 

OCCURRENCE: Recent: Pacific: Australia (Busk, 1852, MacGillivray, 

1887, Haswell, 1880, Hincks, 1884); Netherlands East Indies (Harmer, 

1926); Japan (Ortmann, 1889. Yanagi and Okada, 1918, Okada, 1934, 

Sakakura, 1935; Okada and Mawatari, 1935, Okada and Mawatari, 1938, 

Silén, 1941); California, Channel Islands, Mexico, Costa Rica (Osburn, 

1950). 

DeptH: 2 to 49 fathoms (9 records). 

REMARKS: This appears to be the first fossil record of this species. 
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Genus Scrupocellaria van Beneden, 1845 

Scrupocellaria regularis Osburn, 1940. 

(Non) Scrupocellaria cervicornis Busk, 1852, Cat. Mar. Polyzoa Brit. Mus., pt. 1, 

Cheilo., p. 24, pl. 52, figs. 1-4. 

Cellularia cervicornis SmitTt, 1872, K. Svensk. Vetens. Akad. Handl., vol. 10, pt. 11, 

p. 14, pl. 5, figs. 39-42. 

Scrupocellaria regularis Osspurn, 1940, N. Y. Acad. Sci., Sci. Sur. Porto Rico, 

Virgin Isl., vol. 16, pt. 3, pp. 384, 385. 

Scrupocellaria regularis, OsBuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

p. 144, pl. 18, figs. 3, 4, pl. 20, fig. 3. 

DescripTION: Zoaria erect, non-incrusting. Zooecia short, ovoid. Many 

frontal avicularia, elevated, small, found on both sides of the aperture. 

Lateral avicularia less numerous, small. Vibracula chambers large, later- 

ally placed. Fossil specimens lacking spines, vibracula and seuta. Ovi- 

cells, when present, globose, large, perforate. 

MEASUREMENTS: Aperture, 230/190 mp. Zooecia, 340/175 muy. 

LocaLitIES: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OccURRENCE: Recent: Pacific: Gulf of California (Osburn, 1950). Af- 

lantic: Florida (Smitt, 1872, Osburn, 1914); Bermuda (Verrill, 1900) ; 

Puerto Rico (Osburn, 1940); Colombia (Osburn, 1947); Aruba Island, 

Caribbean Sea (Osburn, 1947). 

DeptH: Shore (intertidal) to 45 fathoms (5 records). 

Remarks: This species has not been previously recorded in the fossil 

records. 

Scrupocellaria varians Hincks, 1882. 

Scrupocellaria varians Hincks, 1882, Ann. Mag. Nat. Hist., ser. 5, vol. 10, pp. 461, 

462, pl. 19, figs. 1-le. 

Scrupocellaria varians, Roperrson, 1905, Univ. Calif. Pub. Zool., vol. 2, no. 5, 

pp. 260, 261, pl. 8, figs. 38, 39, pl. 16, fig. 95. 

Scrupocellaria varians, O’DonoGHUE and O’DoNoGHUE, 1923, Contr. Canad. Biol., 

n. s., vol. 1, no. 10, p. 160. 

Scrupocellaria varians, O’DONOGHUE and O’DonocHuE, 1925, Pub. Puget Snd. Biol. 

Sta., vol. 5, p. 98. 

Scrupocellaria varians, O’DonocHuE and O’DonoGHuer, 1926, Contr. Canad. Biol. 

Nish: as) vole 3. NO. 3, D. 8. 

Scrupocellaria varians, OSBURN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 149, 150, pl. 19, fig. 5, pl. 20, fig. 6. 
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Description: Zoaria erect, non-inerusting. Zooecia elongated, nar- 

rowed. Frontal avicularia oblique, triangular, elevated. Vibracular cham- 

ber shortened, dorsally placed. Ovicell, when present, ovoid, imperforate. 

MrasureMENts: Aperture 253/126 mp. Zooecia 470/190 mu. 

Locauities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. 

OccuRRENCE: Recent: Pacific: Queen Charlotte Islands (Hincks, 1884) ; 

Vancouver Island region (O'Donoghue and O’Donoghue, 1923, 1926) ; 

Puget Sound (O’Donoghue, 1925); California coast (Robertson, 1905, 

Osburn, 1950). 

DeptH: Intertidal to 138 fathoms. 

Remarks: Not previously found as a fossil. 

DIVISION VI, CRIBROMORPHA Harmer, 1926 

Family CRIBRILINIDAE Hincks, 1880 

Genus Reginella Jullien, 1886 

Reginella mucronata (Canu and Bassler), 1923. 

Metracolposa mucronata CANu and Basster, 1928, U. S. Nat. Mus. Bull. 125, p. 92, 

pl. 35, fig. 4. 

Reginella mucronata, Ospurn, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, 

pp. 180, 181, pl. 28, fig. 4, pl. 29, fig. 3. 

DescriIPpTION: Zoaria incrusting. Zooecia distinct, elongate, convex, 

with 10 costules somewhat obscured by secondary calcification. Aperture 

wide, rounded above, and nearly straight on the proximal edge. On some 

zooecia the proximal rim of the aperture bears a central prominent blunt 

muera, which appears bifid in the well preserved specimens. Ovicells 

globose, large, with a well defined keel along the mid-longitudinal line. 

MeasurREMENTS: Aperture, 81/188 mp. Zooecia 552/356 mu. 

LocaLtities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Barbara, California (Canu and Bass- 

ler, 1923). Recent: California, Channel Islands, Baja California, Gulf of 

California, Mexico (Osburn, 1950). 

DeptH: 10 to 150 fathoms (17 records). 
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Genus Colletosia Jullien, 1886 

Colletosia radiata (Moll), 1803. 

Eschara radiata Mou, 1803, Seerinde, p. 63, pl. 4, fig. 7. (fide Hincks, Hist. Brit. 

Mar. Polyzoa, vol. 1, pp. 185-190, pl. 25, figs. 1-9). 

Cribrilina radiata, Hincxs, 1883, Ann. Mag. Nat. Hist., ser. 5, vol. 11, pp. 442, 443. 

Puellina radiata, CANU and BASSLER, 1920, U. S. Nat. Mus. Bull. 106, p. 294, fig. 

84g—-h, pp. 295, 296, pl. 41, figs. 14-18. 

Puellina innominata CANu and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, pp. 90, 91, 

Die tbs hie Ws: 

Puellina radiata forma scripta CANU and BAsster, 1923, U. S. Nat. Mus. Bull. 125, 

pp. 89, 90, pl. 15, fig. 12, pl. 35, fig. 1. 

Puellina radiata forma rarecosta CANU and BAss LER, 1923, U. S. Nat. Mus. Bull. 

1125s p. 90: 

Cribrilina radiata var. radiata O’DONOGHUE and O’DoNnoGHuRr, 1923, Contr. Canad. 

Biol., n. s., vol. 1, no. 1, p. 172. 

Puellina radiata, O’DONOGHUE and O’DoNnoGHuk, 1923, Univ. Wash. Pub. Puget 

Snd. Biol. Sta. Trans., vol. 5, p. 101. 

Puellina radiata var. radiata, O’DonoGuurE and O’DoNnoGHuE, 1926, Contr. Canad. 

BOIL, JONG, Me Say WO, Bh Os 3 1s Yi 

Puellina radiata, CANU and BAsstrr, 1930, Proc. U. S. Nat. Mus., no. 2810, vol. 76, 

art. 13, pp. 3, 13. 

Puellina innominata, CANU and BaAss ter, 1930, Proc. U. S. Nat. Mus., no. 2810, vol. 

KOmantelo.spD: oF dice 

Colletosia radiata, OsBpuRN, 1950, Allan Hancock Pac. Expds., vol. 14, no. 1, pp. 187, 

188, pl. 29, figs. 2, 2a. 

DescriPpTION: Zoaria inerusting. Zooecia distinct, frontal costate, con- 

vex, in our fossil material heavily coated with secondary calcification. Some 

of the zooecia showing one or two small round pores just proximal to the 

aperture on the midline. Aperture rounded distally, with a straight prox- 

imal border. Distal rim bearing the sears of five spines. Vicarious avicularia 

rare. Ovicell large, globose. 

MEAsSuREMENTS: Aperture, 46/69 mp. Zooecia, 357/219 muy. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, south location, 

Newport, California, Pleistocene. Bath-house Beach, Santa Barbara, Cali- 

fornia, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Barbara, California (Canu and Bass- 

ler, 1923); Santa Monica, California (Canu and Bassler, 1923); Dizodo 

Beds, Boso Peninsula, Japan (Sakakura, 1935). Pliocene: Italy (Neviani, 

1905); Panama (Canu and Bassler, 1928); France (Canu, 1925). IJiocene: 

Austria, Hungary (Canu, 1924); Austria (Gillard, 1938); Florida (Canu 

and Bassler, 1923); North Carolina (Canu and Bassler, 1923); Virginia 

(Canu and Bassler, 1923). Oligocene: Leeward Island (Canu and Bassler, 
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1923); Alabama (Canu and Bassler, 1923); Alaska (Howe, 1942); Africa 

(Roger, 1943). Eocene: Belgium (Canu, 1910); North Carolina, South 

Carolina, Georgia, Florida (Canu and Bassler, 1920); South Carolina, Ala- 

bama (Canu and Bassler, 1923). Recent: Pacific: Queen Charlotte Islands 

(Hineks, 1883); Vancouver Island region (O’Donoghue and O’Donoghue, 

1923, 1926); Puget Sound (O’Donoghue and O’Donoghue, 1925); Hawaii 

(Canu and Bassler, 1927); South China Sea, Japan (Silén, 1942); Galapa- 

gos Islands (Canu and Bassler, 1930, Osburn, 1950); Oregon, south to Peru 

(Osburn, 1950); California, Mexico, Baja California, Gulf of California, 

Panama, Colombia (Hancock stations); Australia (Livingstone, 1927). At- 

lantic: Madeira ( Hincks, 1883, Busk, 1858, Norman, 1909) ; Britain (Hincks, 

1880); Tunis (Canu and Bassler, 1930); Naples, Italy (Waters, 1885, 

Harmer, 1902); Azores, Cape Verde Islands, Canary Islands (Waters, 

1918, Calvet, 1931); France (Calvet, 1907); Spain (Barroso, 1921); Flor- 

ida, Georgia, Cuba, Gulf of Mexico, Puerto Rico (Osburn, 1940, Canu and 

Bassler, 1928, Smitt, 1873); Tortuga and Aruba islands (Osburn, 1947) ; 

Brazil (Marcus, 1937, Kirkpatrick, 1888). 

DeptH: Shore (intertidal) to 268 fathoms (92 records). 

ASCOPHORA Levinsen, 1909 

Family HiproTHorpaE Levinsen, 1909 

Genus Hippothoa Lamouroux, 1821 

Hippothoa hyalina (Linné), 1767. 

Cellepora hyalina LINNE, 1767, Systema Naturae, ed. 12, vol. 1, pt. 2, p. 1286. 

Schizoporella hyalina, Hincks, 1883, Ann. Mag. Nat. Hist., ser. 5, vol. 11, p. 445. 

Schizoporella hyalina, RoBertson, 1900, Proc. Wash. Acad. Sci., vol. 2, p. 326. 

Schizoporella hyalina, RosperTson, 1908, Univ. Calif. Publ. Zool., vol. 4, no. 5, 

pp. 289-290, pl. 19, figs. 43-45. 

Hippothoa hyalina, CANuU and Bass ter, 1920, U. S. Nat. Mus. Bull. 106, p. 326, 

figs. 93a-i. 

Hippothoa hyalina, CANU and BAssLeEr, 1923, U. S. Nat. Mus. Bull. 125, pp. 92-94, 

Diesh, fis. 4: 

Hippothoa hyalina var. rugosa CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, 

pp. 94, pl. 35, fig. 9. 

Schizoporella hyalina, O’DoNOGHUE and O’DONOGHUE, 19238, Contr. Canad. Biol., 

n. si, vol. 15 no: 10, pp) 177, 178: 

Hippothoa hyalina, O’DoNOGHUE and O’DoNOGHUE, 1925, Univ. Wash., Pub. Puget 

Snd. Biol. Sta. Trans., vol. 5, p. 101. 

Hippothoa hyalina, O’DoNoGHUE and O’DoNnocHuRr, 1926, Contr. Canad. Biol. Fish., 

meess,, Vol. 3;.ps 100! 
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Hippothoa hyalina, Hastines, 1930, Proc. Zool. Soc. Lond., 1929, p. 720. 

Hippothoa hyalina, OsBurN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, p. 277, 

pl. 30, figs. 1-5. 

DescrIPTION: Zoaria forming either single layered incrustations, or 

multilaminar formations. Zooecia either subeylindrieal, elongate distinct, 

disposed in radiating rows separated by large pores, or stubby, barrel- 

shaped, thick-walled, wrinkled. Orifice well rounded, wide, with a broad 

shallow sinus, with or without a pair of small denticles. Ovicells large, 

globose, with or without pores. 

MEASUREMENTS: Aperture, 67/70 mp. Zooecia, 330/207 muy. 

LocauitIEs: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Barbara, California, Dead Man’s 

Island, San Pedro, California, Los Angeles, California, Santa Monica, Cali- 

fornia (Canu and Bassler, 1923). Pliocene: England (Busk, 1859, Hincks, 

1880). Recent: Pacific: Queen Charlotte Islands (Hincks, 1883); Alaska 

(Robertson, 1900); California (Robertson, 1908, Canu and Bassler, 1923) ; 

Vancouver Island region (O’Donoghue and O’Donoghue, 1923, 1926) ; 

Puget Sound (O’Donoghue and O’Donoghue, 1925); Japan (Okada, 1929) ; 

Galapagos (Hastings, 1930); California Channel Islands, Baja California, 

Mexico, Peru, Ecuador, Galapagos Islands, Washington, British Colum- 

bia (Hancock stations). Atlantic: British Isles (Hassall, 1841, Johnston, 

1847, Hincks, 1862, 1880, Mar. Biol. Ass’n, 1931); Norway, Sweden (Nor- 

man, 1894, Nordgaard, 1906, 1918, 1927, Broch, 1928, Borg, 1933); Adri- 

atic (Heller, 1867); Iceland, Greenland, Labrador (Packard, 1863, Verrill 

and Smith, 1873, Hincks, 1877, Osburn, 1912, 1919, 1936, Borg, 1933) ; 

Hudson Bay (Osburn, 1923, 1932, Borg, 1933); Chesapeake Bay, Mt. Des- 

ert Region, Maine, Long Island Sound, Woods Hole, Massachusetts (Osburn, 

1912, 1932, 1944, Hutchins, 1945, Rogick, 1945, Verrill and Smith, 1873) ; 

Netherlands (Lacourt, 1949). 

DeprtH: Shore (intertidal) to 100 fathoms (94 records). 

Family PerrauimparE Levinsen, 1909 

Genus Hippopodina Levinsen, 1909 

Hippopodina feegeensis (Busk), 1884. 

Lepralia feegensis Busk, 1884, Rep. Voy. H.M.S. Challenger, vol. 10, pt. 3, Polyzoa, 

pp. 144, 145, pl. 22, fig. 9. 

Hippopodina feegeensis, CANu and BaAsstrr, 1920, U. S. Nat. Mus. Bull. 106, p. 532, 

figs. 156a—j. 



108 CALIFORNIA ACADEMY OF SCIENCES [ Proc. 4TH SER. 

Hippopodina feegeensis, CANU and BAsster, 1923, U. S. Nat. Mus. Bull. 125, p. 168, 

fig. 29a. 

Hippopodina feegeensis, HAastines, 1930, Proc. Zool. Soc. Lond., 1929, p. 729. 

Hippopodina feegeensis, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 292, 293, pl. 31, figs. 6-8. 

DEscRIPTION: Zoaria incrusting. Zooecia distinct, alternate, large with 

a porous frontal. Aperture large, arched above and below, but slightly 

narrower below with a pair of lateral cardelles. Peristome low, well defined. 

Our specimens, although well preserved, lacking ovicells. Few avicularia 

present, placed along the aperture, pointing distally. 

MEASUREMENTS: Zooecia 815/580 mp. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OcCURRENCE: Recent: Pacific: Ceylon (Thornely, 1905) ; Colombia (Hast- 

ings, 1930); Philippines, Hong Kong (Busk, 1884); Singapore (Levinsen, 

1909); Australia (MacGillivray, 1891). No Haneock stations. Atlantic: 

Curacao (Osburn, 1927); West Indies (Levinsen, 1909) ; specimens collected 

in Florida by R. C. Osburn. 

DeptH: Unknown. 

RemMaArKs: This species has not been recovered previously as a fossil. 

Family SCHIZOPORELLIDAE Bassler, 1935 

Genus Arthropoma Levinsen, 1909 

Arthropoma cecili (Audouin), 1826. 

Flustra cecili Aupoutn, 1826, in Savigny, J. C., Descr. de l’Egypti Hist. Nat., vol. 1, 

Dt 4,aps 8, fiz. 3. 

Schizoporella Cecilii, Hincks, 1883, Ann. Mag. Nat. Hist., ser. 5, vol. 11, p. 445. 

Schizoporella cecili, Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, p. 288, 

pl. 19, fig. 42. 

Arthropoma cecilii, CANU and BASsLER, 1920, U. S. Nat. Mus. Bull. 106, p. 351, 

fig. 105a-d. 

Arthropoma cornuta CANU and BASSsLER, 1923, U. S. Nat. Mus. Bull. 125, p. 97, 

pl. 116; fie. 3: 

Schizoporella cecilii, O’ DONOGHUE and O’DoNoGHUE, 1923, Contr. Canad. Biol., n. s., 

voli) mo: LO; pede 

Arthropoma cecilii, O’ DONOGHUE and O’DonoGHuE, 1926, Contr. Canad. Biol. Fish., 

nN: S., Vol. 3, no. 3, Dp. 104: 

Arthropoma cecili, CANU and BAsSster, 1930, Proc. U. S. Nat. Mus., no. 2810, vol. 76, 

art. 1135 p: 6: 
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Arthropoma cecili, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, pp. 333, 

334, pl. 38, figs. 1-3. 

DEscriIPTION: Zoarium inecrusting. Zooecia obscure because of secondary 

calcification, alternate punctate. Aperture rounded distally, with a straight 

proximal margin containing a distinct sinus. No ovicells on our specimen. 

MEASUREMENTS: Aperture, 80/69 mp. Zooecia not possible to measure. 

Locauities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. 

OccuRRENCE: Pleistocene: Dizodo Beds, Japan (Sakakura, 1935). Plio- 

cene: no records. Miocene: Florida (Canu and Bassler, 1923). Recent: 

Pacific: Japan (Ortmann, 1890, Sakakura, 1935, Okada and Mawatari, 

1935); Queen Charlotte Islands (Hineks, 1883); Vancouver Island region 

(O’Donoghue and O’Donoghue, 1923, 1926); Galapagos Islands (Canu and 

Bassler, 1930); California (Robertson, 1908, Canu and Bassler, 1930); 

Australia (Livingstone, 1927); Baja California, Mexico (Hancock stations. ) 

Atlantic: England (Busk, 1857, Hincks, 1862, 1880); France (Calvet, 

1902, 1907); Brazil, (Mareus, 1937); Africa (O’Donoghue, 1935). 

DeptH: 11 to 398 fathoms (12 records). 

Remarks: Not previously known as a fossil from the Pacifie coast. 

Genus Schizoporella Hincks, 1877 

Schizoporella cornuta (Gabb and Horn), 1862. 

Reptescharellina cornuta Gass and Horn, 1862, Jour. Acad. Nat. Sci., Phila., ser. 2, 

vol. 5, pt. 2, pp. 147, 148, pl. 20, fig. 31. 

Schizoporella biaperta Hincks, 1883, Ann. Mag. Nat. Hist., ser. 5, vol. 11, pp. 445, 

446. 

Schizoporella biaperta, Hincks, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, pp. 57, 58. 

Schizoporella biaperta, Hincxs, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, pp. 211, 212. 

(?) Schizoporella biaperta, Ropertson, 1900, Proc. Wash. Acad. Sci., vol. 2, p. 326. 

Schizoporella biaperta, RopertTson, 1908, (partim), Univ. Calif. Pub. Zool., vol. 4, 

no. 5, pp. 287, 288, pl. 19, fig. 41. 

Stephanosella biaperta, CANuU and BAssLer, 1923, (partim), U. S. Nat. Mus. Bull. 

125, pp. 99-101, figs. 4-8. 

(?) Schizoporella biaperta O’DoNogHUE and O’DoNnoGHur, 1923, Contr. Canad. 

Biol., n. s., vol. 1, no. 10=p. 177. 

(?) Stephanosella biaperta, O’DoNoGHUE and O’DonoGHuE, 1925, Univ. Wash., Pub. 

Puget Snd. Biol. Sta., vol. 5, p. 102. 

(?) Stephanosella biaperta, O’DoNoGHUE and O’DoNoGHur, 1926, Contr. Canad. 

Biol. Fish., n. s., vol. 3, no. 3, p. 104. 
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(2) Stephanosella biaperta, Hastines, 1930, Proc. Zool. Soc. Lond., 1929, p. 721. 

Schizopodrella (Stephanosella) biaperta, CANU and BAssLeErR, 1930, Proc. U. S. Nat. 

Muss no 28t0-cvol. 16;,att. 3. ppalo;iais ple 2, fe. 192: 

Schizoporella cornuta, OsBurN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 320, 321, pl. 37, figs. 9-11. 

DescripTION: Zoaria incrusting. Zooecia ovate, slightly convex, frontal 

porous, though in the fossil specimens well obscured by secondary ealci- 

fication. Orifice subcireular, proximal border almost straight and having 

distinct sinus. No oral spines. At each side of the orifice is situated an 

elevated avicularium. Ooecia globular, front wall flattened and traversed 

by radiating lines. 

MEASUREMENTS: Aperture, 108/98 mp. Zooecia 465/345 muy. 

Loealities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OcCURRENCE: Pleistocene: Santa Barbara, California (Gabb and Horn, 

1862; Dizodo Beds, Japan (Sakakura, 1935); Los Angeles, Santa Monica, 

Dead Man’s Island, San Pedro, California (Canu and Bassler, 1923). 

Pliocene: (?) New Zealand, Italy (Waters, 1887); (?) Sicily (Waters, 

1878); (?) England (Hincks, 1880). Recent: Queen Charlotte Islands 

(Hinecks, 1883, 1884); California (Robertson, 1908); Galapagos Islands 

(Canu and Bassler, 1930). Hancock stations in California, Channel Islands, 

Baja California, Mexico, Panama, Ecuador, Colombia, and Galapagos 

Islands are known Pacific areas. It is certain that checking on specimens 

of S. biaperta from the Atlantic will reveal that some have a perforate 

frontal and hence should be reclassified as S. cornuta. 

Schizoporella linearis inarmata (Hincks), 1884 

Schizoporella linearis, Hassatt, form inarmata Hincxks, 1884, Ann. Mag. Nat. 

Hist., ser. 5, vol. 13, p. 212. 

Schizoporella linearis HASSALL, subsp. inarmata, RORERTSON, 1908, Univ. Calif. Pub. 

Zool., vol. 4, no. 5, p. 291, pl. 20, fig. 48. 

Schizoporella linearis HASSALL, var. inarmata, O’DONOGHUE and O’DONOGHUE, 1923, 

Contr. Canad. Biol., n. s., vol. 1, no. 10, p. 178. 

Schizopodrella linearis (HASSALL) var. inarmata, O’DONOGHUE and O’DONOGHUE, 

1925, Univ. Wash., Pub. Puget Snd. Biol. Sta., vol. 5, p. 102. 

Schizopodrella linearis (HASSALL), 1841, var. inarmata, O’DONOGHUE and O’DoN- 

OGHUE, 1926, Contr. Canad. Biol. Fish., n. s., vol. 3, no. 3, p. 104. 

Schizoporella linearis var. inarmata, OSBURN, 1952, Allan Hancock Pac. Expds., 

vol. 14, no. 2, pp. 319, 320, pl. 37, figs. 4, 5. 

DeEscRIPTION: Zoaria incrusting. Zooecia elongate, in a rough linear 

series, somewhat obscured by secondary calcification. Frontal porous, un- 

even. Aperture rounded above with a “V’-shaped sinus in the proximal 

rim. Avicularia wanting. No ovicells on the specimens. 
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MEASUREMENTS: Aperture, 78/92 mp. Zooecia 414/320 mu. 

Locauities: West Second and Pacifie Avenue, San Pedro, California, 

Pleistocene. 

OccuRRENCE: Recent: Pacific: Queen Charlotte Islands (Hineks, 1884) ; 

California (Robertson, 1908); Puget Sound, Washington (O’Donoghue and 

O’Donoghue, 1925); Vancouver Island, British Columbia region (O’Don- 

oghue and O’Donoghue, 1923, 1926). Hancock stations, Mexico, Gulf of 

California, Baja California, Costa Riea. 

DeptH: 10 to 57 fathoms (8 records). 

ReMArRKS: This appears to be the first appearance of the species in 

the fossil record. 

Genus Schizomavella Canu and Bassler, 1917 

Schizomavella auriculata cuspidata (Hincks), 1880. 

Schizoporella auriculata var. B. (cuspidata) HincKs, 1880, Hist. Brit. Mar. Polyzoa, 

vol. 1, pp. 261-263, pl. 29, fig. 8. 

DEScRIPTION: Zoaria inerusting. Zooecia distinet, frontal coneave, ar- 

ranged in linear series. Aperture rounded above, proximal margin with 

a distinct sinus. Avicularia suboral, raised. Ovicells large globular, pune- 

tate, distally bearing a sharp prong-like process on the mid-line. 

MEASUREMENTS: Aperture, 90/57 mp. Zooecia 435/218 muy. 

LocaLities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OCCURRENCE: Recent: Isle of Guernsey, Mediterranean (Hincks, 1880). 

DeptH: Unknown. 

Remarks: This variety, so far as we can determine, has not been pre- 

viously reported as fossil. 

Genus Hippodiplosia Canu, 1916 

Hippodiplosia insculpta (Hincks), 1882. 

Schizoporella insculpta Hincxs, 1882, Ann. Mag. Nat. Hist., ser. 5, vol. 10, pp. 

251-252. 

Schizoporella insculpta, HincKks, 1883, Ann. Mag. Nat. Hist., ser. 5, vol. 11, p. 447, 

figs. 5, 5a. 

Schizoporella insculpta, Rorertson, 1900, Proc. Wash. Acad. Sci., vol. 2, p. 326. 
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Schizoporella insculpta, ROBERTSON, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 290, 

291, pl. 20, figs. 46, 47. 

Schizoporella insculpta, O’DoNoGHUE and O’DonoGHur, 1923, Contr. Canad. Biol., 

n. s., vol. 1, no. 10, pp. 178, 179: 

Schizoporella insculpta, O’DoNoGHUE and O’DoNoGHUE, 1925, Univ. Wash. Pub. 

Puget Snd. Biol. Sta. Trans., vol. 5, p. 102. 

Schizoporella insculpta, O’DoNOGHUE and O’DoNoGHUE, 1926, Contr. Canad. Biol. 

Fish., n. s., vol. 3, no. 3, p. 1038. 

Hippodiplosia insculpta, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 341, 342, pl. 40, figs. 1, 2. 

DeEscRIPTION: Zoaria incrusting. Zooecia large, alternate. Frontal wall 

with large pores. Aperture rounded above, lower margin occupied almost 

entirely by a wide shallow sinus. Ovicells large, abundant, sometimes cov- 

ering two-thirds of the zooecia above, and occasionally punctured about 

the base. Ooecial walls covered by granular ridges radiating from the oral 

arch. Avicularia lacking. 

MEASUREMENTS: Aperture, 69/103 mp. Zooecia 460/241 muy. 

LocaLities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. 

OcCURRENCE: Recent: Pacific: Alaska (Robertson, 1900); Queen Char- 

lotte Islands (Hincks, 1882, 1883); Vancouver Island region (O’Donoghue 

and O’Donoghue, 1923, 1926); Puget Sound (O’Donoghue, 1925); Cali- 

fornia (Robertson, 1908); Hancock stations, Oregon, California, Mexico, 

Gulf of California, Costa Riea. 

DeptH: Shore (intertidal) to 126 fathoms (19 records). 

Remarks: Not previously recorded as fossil. 

Family HippoporInipaE Osburn, 1952 

Genus Hippoporella Canu, 1917 

Hippoporella gorgonensis Hastings, 1930. 

Hippoporella gorgonensis HAstines, 1930, Proc. Zool. Soc. London, 1929, pp. 723, 

724, pl. 12, figs. 62-72, pl. 17, figs. 119, 121. 

Hippoporella gorgonensis, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 348, 349, pl. 45, figs. 10-12. 

DeEscripTION: Zoaria incrusting. Zooecia with frontal wall finely gran- 

ular, with lateral areolar pores small. Ovicell nonporous, shallow rough- 

ened. Avicularia variable, may be found on both sides of the aperture, or 

on just one side, replacing lateral processes. There may be an avicularium 

on the frontal wall, directed away from the apertures. 
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MEASUREMENTS: Aperture, 115/149 mp. Zooecia 380/234 muy. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OccuRRENCE: Recent: Pacific: Panama, Colombia, Galapagos Islands 

(Hastings, 1930); Hancock stations, California, Mexico, Baja California, 

Panama, Costa Rica, Colombia, Ecuador, Galapagos. Atlantic: Brazil, St. 

Helena (Marcus, 1937, 1938). 

Depru: Shore (intertidal) to 150 fathoms (20 reeords). 

ReEMaRKS: This species is new to the fossil list. 

yenus Hippoporidra Canu and Bassler, 1927 

Hippoporidra edax (Busk), 1859. 

Cellepora edax Busk, 1859, Monogr. Fossil Polyzoa Crag, London, p. 59, pl. 9, fig. 6. 

pl. 22, fig. 3. 

Cellepora minuta CANU and Basster, 1923, U. S. Nat. Mus. Bull. 125, p. 182, pl. 25, 

figs. 10-13. 

DeEscrRIPTION: Zoaria forming heavy incrustations. Zooecia irregularly 

placed, marginal area distinctly punctured. Aperture rounded anteriorly, 

somewhat contracted below the middle, forming a small distinct denticle 

on either side. Posterior edge arched proximally. A few small oral avicu- 

laria, situated close to the aperture, may be found. Ovicells, when pres- 

ent, rounded. 

MEASUREMENTS: Aperture, 920/690 muy. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. LACMIP loc. 136, Newport Bay road, Newport, Cali- 

fornia, Pleistocene. 

OccURRENCE: Pliocene: South Carolina (Canu and Bassler, 1923, 

1928); England (Busk, 1859, Kendall, 1931). Miocene: North Carolina 

(Canu and Bassler, 1923, 1928). Oligocene: Australia (Waters, 1882, 

1885). Recent: Atlantic: North Sea (Prenant, 1931); England (Busk, 

1861, Hincks, 1862, 1880); Yucatan, Gulf of Mexico (Canu and Bassler, 

1928); Tortugas Islands (Osburn, 1914); Florida (Smitt, 1873); New 

Jersey (Osburn, 1940). 

Depru: 15-79 fathoms, (4 records). 

Remarks: Not reported as living from the Pacifie coast. 
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Genus Stephanosella Canu and Bassler, 1917 

Stephanosella biaperta (Michelin), 1842. 

Eschara biaperta MIcHELIN, 1842, Iconogr. zoophytol., p. 330, pl. 79, fig. 3. 

(2?) Schizoporella biaperta, Rosertson, 1900, Proc. Wash. Acad. Sci., vol. 2, p. 326. 

Schizoporella biaperta, ROBERTSON, 1908, (partim), Univ. Calif. Pub. Zool., vol. 4, 

NOW| DD 2st. 2os. Die 19: hie. 48 

Stephanosella biaperta, CANU and BASSLER, 1923, (partim), U. S. Nat. Mus. Bull. 

125, pp. 99-101, fig. 9. 

(?)Stephanosella biaperta, HAstines, 1930, Proc. Zool. Soc. London, 1929, p. 721. 

Stephanosella biaperta, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 368, 369, pl. 42, figs. 1, 2. 

DeEscrRIPTION: Zoaria incrusting, rough. Zoecia ovoid, somewhat raised, 

the frontal not perforate, thickened and some specimens obscured by sec- 

ondary calcification. Recent specimens having 4 or 5 areolar pores to each 

side that are obliterated frequently in the fossil material, limiting positive 

identification to only the extremely well preserved specimens. Aperture 

rounded, widened, with a sinus in the proximal border. No ovicells found 

on our fossil material. 

MEASUREMENTS: Aperture, 115/140 mp. Zooecia 640/375 muy. 

Locauities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. 

OccURRENCE: Pleistocene: Los Angeles, Dead Man’s Island San Pedro, 

Santa Monica, California (Canu and Bassler, 1923). Recent: California 

(Robertson, 1908); (?) Alaska (Robertson, 1900); Specimens in the Han- 

eock collection from Alaska, collected by G. E. MacGinitie. 

DeptH: 20 to 40 fathoms. 

Family MicroporELLIpAE Hineks, 1880 

Genus Microporella Hincks, 1877 

Microporella ciliata (Pallas), 1766. 

Eschara ciliata PALLAS, 1766, Elenchus Zoophytorum, p. 38. 

Microporella ciliata, Hincks, 1883, Ann. Mag. Nat. Hist., ser. 5, vol. 11, p. 443. 

Microporella ciliata, CANU and BAssuer, 1923, U. S. Nat. Mus. Bull. 125, pp. 119, 

120, pl. 20, figs. 1-6, pl. 36, figs. 4, 5. 

Microporella ciliata, O’7 DONOGHUE and O’DONOGHUE, 1923, Contr. Canad. Biol., n. s., 

vol. 15 no, 410, ppadii3nine 
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Microporella ciliata, O'DONOGHUE and O’DoNoGHUR, 1925, Univ. Wash., Pub. Puget 

Snd. Biol. Sta. Trans., vol. 5, p. 103. 

Microporella ciliata, O'DONOGHUE and O’DoNnoGHuR, 1926, Contr. Canad. Biol. Fish., 

NeSVOls oy Os oF DDS LlOe Tate 

Microporella ciliata, Hastines, 1930, Proc. Zool. Soc. London, 1929, p. 727. 

Microporella ciliata, OsBuRN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

p. 377, pl. 44, fig. 1. 

DescriIPTION: Zoaria incrusting. Zooecia distinet, elliptical. Frontal a 

porous tremocyst, either smooth or roughened. Aperture semicireular, with 

the proximal edge almost straight. A semilunar ascopore is located imme- 

diately proximal to the aperture. One or two avicularia located at the side 

of, or just proximal to, the aperture. The ovicell globular, large. 

MEASUREMENTS: Aperture, 92/103 mp. Zooecia 613/368 my. 

Locauities: Pleistocene: West Second and Pacific Avenue, San Pedro, 

Bath-house Beach, Santa Barbara, California, LACMIP loe. 66-2, New- 

port Harbor mesa, Newport, LACMIP loc. 136, Newport Bay Road, 

Newport, California. 

OCCURRENCE: Pleistocene: Japan (Sakakura, 1935); Italy (Neviani, 

1891, 1896, ?1900); Santa Monica, Santa Barbara, Dead Man’s Island, 

San Pedro, California (Canu and Bassler, 1923). Pliocene: England, Aus- 

tria, Italy (Hineks, 1880); Italy (Waters, 1879). Miocene: Italy (Waters, 

1879) ; New Zealand (Waters, 1887); Maryland (Ulrich and Bassler, 1904) ; 

Florida, Maryland, North Carolina (Canu and Bassler, 1923). Oligocene: 

Iran (Roger, 1943). Recent: Pacific: Queen Charlotte Islands (Hineks, 1883) ; 

California (Canu and Bassler, 1923); Vancouver, British Columbia region 

(O’Donoghue and O’ Donoghue, 1923, 1926); Puget Sound (O’Donoghue and 

O'Donoghue, 1925); Galapagos Islands, Panama, Colombia (Hastings, 

1930); Japan (Okada, 1934, Sakakura, 19385, Okada and Mawatari, 1936) ; 

Australia, New Zealand (Hineks, 1880, 1883, Waters, 1879); Philippines 

(Canu and Bassler, 1929); Hancock stations: California, Channel Islands, 

Mexico, Baja California, Gulf of California, Costa Riea, Panama, Ecuador, 

Peru, Galapagos Islands. Atlantic: British Isles (Johnston, 1838, 1847, 

d’Orbigny, 1839, Hincks, 1862, 1880, 18838, Waters, 1879, Smith, 1932, 

O’Donoghue, 1935, Jones, 1939, Bassindale, 1943); Netherlands (Lacourt, 

1949) ; Spitzbergen, Norway, Greenland (Hincks, 1880, 1883, Waters, 1879, 

Barroso, 1912, Nordgaard, 1918, 1927, Borg, 1933); Florida, Gulf of Mex- 

ico, Puerto Rico, Tortugas Island, Curacao, Panama (Hincks, 1880, 1883, 

Smitt, 1873, Waters, 1879, Osburn, 1914, 1927, 1940, 1947, Canu and Bass- 

ler, 1928); Mediterranean, Africa, Italy (Hincks, 1880, 1883, Waters, 1879, 
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1908, 1915, Harmer, 1902, Canu and Bassler, 1930); Brazil (Marcus, 1937) ; 

Adriatic (Heller, 1867); Cape Verde Islands (Waters, 1918); Labrador, 

Woods Hole, Chesapeake Bay, Long Island (Osburn, 1912, 1932, Hutchins, 

1945); Hudson Bay region (Osburn, 1923, 1932). 

DeptH: Shore (intertidal) to 150 fathoms (137 records). 

Microporella californica (Busk), 1856. 

Lepralia californica Busk, 1856, Quart. Jour. Micro. Sci., vol. 4, p. 310, pl. 11, 

Hess Gere 

Microporella ciliata form californica Hincks, 1883, Ann. Mag. Nat. Hist., ser. 5, 

vols dh p 444 ople lie ties Se 

Microporella californica, Roperrson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, 

pp. 281, 282, pl. 18, figs. 32-34. 

Microporella californica, CANU and BAssLeER, 1923, U. S. Nat. Mus. Bull. 125, pp. 1238, 

124, pl. 36, figs. 8-10. 

Microporella californica, O’DONOGHUE and O’DoNnoGHUE, 1923, Contr. Canad. Biol., 

mas vol, nox 10s ip) Ave: 

Microporella californica, O’DoNoGHUE and O’DoNnoanuk, 1925, Univ. Wash., Pub. 

Puget Snd. Biol. Sta. Trans., vol. 5, p. 103. 

Microporella californica, O’DoNoGHUE and O’DoNoGHUE, 1926, Contr. Canad. Biol. 

Mish= nas woleo.nO. oa, De wdil: 

Microporella californica, OsBpuRN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

DD. Osis S82. pl, 445 fis. 2: 

DESCRIPTION: Zoaria inerusting. Zooecia distinet, ovoid. Frontal wall 

punctate (tremoeyst). Aperture rounded above, with proximal margin 

straight. The distal rim of the aperture bears the scars of 4-6 spines. 

On each side and proximal to the aperture are avicularia, pointing obliquely 

forward. Ascopore lunate. Ovicells globose. 

MEASUREMENTS: Aperture, 103/120 mp. Zooecia, 759/400 muy. 
. 

Locauities: Bath-house Beach, Santa Barbara, California. West See- 

ond and Pacific Avenue, San Pedro, California, LACMIP loc. 136, New- 

port Bay road, Newport, California, Pleistocene. 

OccURRENCE: Pleistocene: Santa Monica [Long Wharf Canyon], Santa 

Barbara, San Pedro, California (Canu and Bassler, 1923). Recent: Cali- 

fornia (Busk, 1856), Robertson, 1908); Queen Charlotte Islands, British 

Columbia (Hineks, 1883); Vaneouver Island region (O’Donoghue and 

O’Donoghue, 1923, 1926); Puget Sound (O’Donoghue, 1925); Hancock sta- 

tions, California, Mexico, Baja California, Galapagos Islands. 

DeptH: Shore (intertidal) to 81 fathoms (14 records). 
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Genus Fenestrulina Jullien, 1888 

Fenestrulina malusi (Audouin), 1826. 

Cellepora malusii AUDOUIN and Savieny, 1811, Desecr. de Egypt Hist. Nat., p. 239, 

pl. 8, fig. 8. 

Cellepora malusii AupOoUIN, 1826, Explic. de Savigny, p. 239. 

Cellepora californiensis Gass and Horn, 1862, Jour. Acad. Nat. Sci., Phila., ser. 2, 

Walls JA, 70k PA 1, TRIO, Tolle UI) ike, De 

Microporella Malusii, H1ncks, 1883, Ann. Mag. Nat. Hist., ser. 5, vol. 11, p. 444. 

Microporella Malusii, H1ncks, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, p. 57. 

Microporella malusi, Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 282, 

A333 joll, ISS ake By, Bio, 

Microporella malusi, CANU and BAsster, 1920, U. S. Nat. Mus. Bull. 106, pp. 418, 

419, fig. 123 f-n. 

Fenestrulina malusi, CANU and Basser, 1923, U. S. Nat. Mus. Bull. 125, pp. 114- 

117, pl. 36, figs. 2, 3, fig. 18 e-i, fig. 19 a-j. 

Microporella malusii, O'DoNoGHUE and O’DonoGHurE, 1923, Contr. Canad. Biol., n. s., 

Vole enOs Os ps daar 

Fenestrulina malusii var. umbonata O’DonoGHUE and O’DoNnoGHur, 1925, Univ. 

Wash., Pub. Puget Snd. Biol. Sta. Trans., vol. 5, p. 103. 

Fenestrulina malusii, O'DONOGHUE and O’DonoaHuE, 1926, Contr. Canad. Biol. Fish., 

TES VOL ono. om DDS LOO dalO: 

Fenestrulina malusi, Ospurn, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 387, 388, pl. 45, fig. 3. 

DEscRIPTION: Zoaria incrusting. Zooecia regular, well defined, large, 

the frontal surface of some of the better preserved specimens with stellate 

pores. Usually the pores are obscured by secondary calcification. About 

half-way down the frontal is a median areuate ascopore. The aperture is 

rounded above, with a nearly straight proximal edge. Ovicells globular, 

striated, large. 

MeASUREMENTS: Aperture, 86/149 mp Zooecia 667/452 muy. 

Locauities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OccURRENCE: Pleistocene: Santa Barbara, California (Gabb and Horn, 

1862, Canu and Bassler, 1923). Dizodo Beds, Japan (Sakakura, 1935). 

Pliocene: England (Kendall, 1931). Miocene: Australia (MacGillivray, 

1895). Recent: Pacific: California (Robertson, 1908); Queen Charlotte 

Islands, British Columbia (Hineks, 1883, 1884); Vancouver Island region 

(O'Donoghue and O'Donoghue, 1923, 1926); Puget Sound (O’Donoghue and 

O'Donoghue, 1925); Australia (Livingstone, 1926, 1927); Japan (Okada, 

1929): India (Robertson, 1921); Hancock stations in California, Channel 

Islands, Gulf of California, Mexico, Baja California, Galapagos Islands. 
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Atlantic: England (Johnston, 1847, Hincks 1862, 1880, Prenant, 1931, 

Jones, 1939); Norway, Greenland (Borg, 1933); St. Helena (Marcus, 

1938); Puerto Rico, Gulf of Mexico (Osburn, 1940, Canu and Bassler, 

1928) ; Adriatic (Heller, 1867); Spain (Norman, 1909, Barroso, 1912, 1921). 

DeptH: Shore (intertidal) to 150 fathoms (33 records). 

Family EURYSTOMELLIDAE Levinsen, 1909 

Genus Eurystomella Levinsen, 1909 

Eurystomella bilabiata (Hincks), 1882. 

Lepralia bilabiata Hincxs, 1882, Ann. Mag. Nat. Hist., ser. 5, vol. 10, pp. 253, 254. 

Lepralia bilabiata, Hincxs, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, p. 49, pl. 3, 

fig. 1. 

Lepralia bilabiata, Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 298-300, 

pl. 21, figs. 61-64. 

Eurystomella bilabiata, CANU and BAsster, 1928, U. S. Nat. Mus. Bull, 125, p. 142, 

pl. 37, fig. 6. 

Eurystomella bilabiata, O’DonoGHuUE and O’DoNnoGHUE, 1925, Univ. Wash., Pub. 

Puget Snd. Biol. Sta., Trans., vol. 5, p. 104. 

Eurystomella bilabiata, O’DoNoGHUE and O’DonoGHuE, 1926, Contr. Canad. Biol. 

Fish., n. s., vol. 3, pp. 111, 112. 

Eurystomella bilabiata, OspurN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

p. 389, pl. 58, fig. 5. 

DescripTIOoN: Zoaria incrusting. Zooecia distinct (in spite of heavy 

secondary calcification), large, short and wide, alternate. Aperture large, 

bell-shaped. No avicularia. No ovicells found on our specimens. 

MEASUREMENTS: Aperture, 218/368 mp. Zooecia 578/465 muy. 

LocaLities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. 

OccURRENCE: Pleistocene: Dead Man’s Island, San Pedro, California 

(Canu and Bassler, 1923). Dizodo Beds, Japan (Sakakura, 1936). Recent: 

Queen Charlotte Islands, British Columbia (Hincks, 1882, 1884); Puget 

Sound region (Robertson, 1908, O’Donoghue and O’Donoghue, 1925); Van- 

couver Island (O’Donoghue and O'Donoghue, 1926); California (Robertson, 

1908); Haneock stations, California, Channel Islands, Mexico. 

DepruH: Shore (intertidal) to 35 fathoms (4 records). 
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Family SMITTiInmDaE Levinsen, 1909 

Genus Porella Gray, 1848 

Porella porifera (Hincks), 1884. 

Porella marsupium form porifera Hincks, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, 

pp. 50, 51, pl. 4, fig. 4. 

Smittina porifera, CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, p. 147, 

pl. 38, fig. 9. 

Porella marsupium var. porifera, O'DONOGHUE and O’DoNOGHUE, 1923, Contr. Canad. 

Biol., n. s., vol. 1, no. 10, pp. 182, 183. 

Cystisella aviculifera CANuU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, p. 152, 

pl. 38, fig. 8. 

Smittina marsupium var. porifera, O’DoNoGHUE and O’DoNOGHUE, 1926, Contr. 

Canad. Biol. Fish., n. s., vol. 3, no. 3, p. 115. 

Porella porifera, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, pp. 395, 

396, pl. 46, figs. 9-11. 

DESCRIPTION: Zoaria incrusting. Zooecia small, short, distinct, with a 

few large scattered frontal pores as well as marginal pores. Aperture with 

low lyrula, and surrounded by a very low peristome. The frontal wall 

contains small, raised, suboral avicularia. Ovicells globular, low, possibly 

perforate. 

MEASUREMENTS: Aperture, 81/103 mp. Zooecia, 402/218 mu. 

Locauities: LACMIP loc. 66-2 Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Monica, Santa Barbara, California 

(Canu and Bassler, 1923). Dizodo Beds, Japan (Sakakura, 1935). Plio- 

cene: New Zealand (Waters, 1887). Recent: Pacific: Queen Charlotte 

Islands, British Columbia (Hincks, 1884); Vancouver Island region 

(O’Donoghue and O’Donoghue, 1923, 1926); Hancock stations, California, 

Channel Islands, Mexico, Baja California, Colombia, Costa Rica. Atlantic: 

Greenland, Norway, Spitzbergen (Nordgaard, 1895, 1918, Norman, 1903, 

Bidenkap, 1905, Osburn, 1936); Canada, Labrador (Osburn, 1912, Borg, 

1933, Osburn, 1932, Hinecks, 1888). 

DeptH: Shore (intertidal) to 130 fathoms (25 records). 

Genus Smittina Norman, 1903 

Smittina landsborovi (Johnston), 1847. 

Lepralia Landsborovii JoHNston, 1847, Hist. Brit. Zoophytes, 2nd ed., p. 310, 

pl. 54, fig. 9. 
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Smittia landsborovi, Ropertson, 1908, Univ. Calif. Publ. Zool., vol. 4, no. 5, p. 305, 

Dl 235 fic.) wae 

Smittia landsborovi, CANU and BASSLER, 1920, U. S. Nat. Mus. Bull. 106, p. 457. 

Smittia landsborovii, O’DoNoGHUE and O’DoNoGHUE, 1923, Contr. Canad. Biol., n. s., 

vol. 1, no. 10, pp. 184, 185. 

Smittina landsborovii, O’DoNnoGHuE and O’DonoGHuEr, 1925, Univ. Wash., Pub. 

Puget Snd. Biol. Sta., Trans., vol. 5, p. 104. 

Smittina landsborovii, O'DONOGHUE and O’DonoGuuE, 1926, Contr. Canad. Biol. Fish., 

Te Son AVON Bi, 1aKo)s Sh D0, JI als} 

Smittina landsborovi, OsBpuRN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 400, 401, pl. 47, figs. 1, 2. 

DeEscRIPTION: Zoaria incrusting. Zooecia distinct, alternate, with mar- 

einal pores. Aperture with broad lyrula, surrounded by a peristome. Sub- 

oral avicularia small, pointing proximally. No ovicell on specimens. 

MEASUREMENTS: Aperture, 173/195 mp. Zooecia 862/437 muy. 

Locauities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OccuRRENCE: Pliocene: Australia, New Zealand (Waters, 1885, 1887). 

Recent: Pacific: California (Robertson, 1908); Vancouver Island region 

(O’Donoghue and O’Donoghue, 1923, 1926); Puget Sound (O’Donoghue and 

O'Donoghue, 1925); Japan (Okada and Mawatari, 1936); Indian Ocean 

(Thornely, 1912); Haneock stations, California, Channel Islands, Mexico, 

Baja California, Galapagos Islands. Atlantic: England (Johnston, 1847, 

Alder, 1857, 1864, Hineks, 1862, 1880), Arctic, Norway, Greenland, Spitz- 

bergen (Busk, 1861, Hincks, 1880, Nordgaard, 1895, Bidenkap, 1905). 

DeptH: 6 to 81 fathoms (25 records). 

Remarks: This appears to be the first fossil record of this species from 

the Pacifie coast of North America. 

Smittina maccullochae Osburn 1952. 

Smittina maccullochae OsspurN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 405, 406, pl. 48, figs. 5, 6. 

Porella collifera CAnu and Basster, 1923, U.S. Nat. Mus. Bull. 125, pp. 148, 149, 

pl. 38, figs. 10-15. 

DerscrIpTION: Zoaria inerusting. Zooecia large, with a perforate frontal. 

Aperture surrounded by a high tubular peristome with a proximal sub- 

oral avieularia. Lyrula large. Ovicell globose, porous. 

MEASUREMENTS: Aperture, 164/130 mp. Zooecia, 978/459 mu. 

Locauities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OcCURRENCE: Pleistocene: Santa Monica, Santa Barbara, California 
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(Canu and Bassler, 1923). Recent: Pacific: California, Channel Islands, 

Mexico (Osburn, 1952). 

Genus Parasmittina Osburn, 1952 

Parasmittina trispinosa (Johnston), 1825. 

Discopora trispinosa JoHNSTON, 1825, Edinbh. Phil. Jour., vol. 13, p. 222. 

Lepralia trispinosa, Busk, 1856, Quart. Journ. Mic. Sci., vol. 4A ps Lis: 

Smittia trispinosa, HrncKs, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 18, p. 51. 

Smittia trispinosa, RoBerTsON, 1900, Proc. Wash. Acad. Sci., vol. 2, p. 327. 

Smittia trispinosa, Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 302, 

303, pl. 22, figs. 68-70. 

Smittia trispinosa, Canu and Basster, 1923, U. S. Nat. Mus. Bull. 125, pp. 148, 

144, pl. 22, figs. 7-14. 

Smittia trispinosa, O’DoNoGHUE and O’DonoGHUE, 1923, Contr. Canad. Biol:; n: s., 

Woll, al, sO, IMO, jos Ibs. 

Smittina trispinosa, O’Donocuur and O’DonocHuE, 1925, Univ. Wash., Pub. Puget 

Snd. Biol. Sta., Trans., vol. 5, p. 105. 

Smittina trispinosa, O’DoNoGHUE and O’DonoGHuur, 1926, Contr. Canad. Biol. Fish., 

n. s., vol. 3, no. 3, pp. 113, 114. 

Smittina trispinosa, Hastines, 1930, Proc. Zool. Soc. London, 1929, pt. 4p. 126, 

iol; Ill, ies, Sey 

Smittina trispinosa, CANU and BAsster, 1930, Proc. U. S. Nat. Mus., no. 2810, vol. 

76, art. 13, pp. 27—29, pl. 4, figs. 1-5. 

Parasmittina trispinosa, OsBpuRN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 412-414, pl. 49, figs. 7, 8. 

Description: Zoaria inerusting. Zooecia distinet on some specimens, 

obseured by secondary calcification on others, alternate. Aperture with 

well developed lyrula, surrounded by a low peristome. Avicularia scattered 

near the aperture, with no trace of sub-oral avicularia. Few olgantic 

interzooecial avicularia, which may be almost as large as the zooecia. 

The distal rim of the peristome bears the sears denoting the points where 

2 or 3 spines were once attached. Ovicell large, globular, porous. 

Measurements: Aperture, 76/86 mp. Zooecia, 471/264 my. 

Locauities: Bath-house Beach, Santa Barbara, West Second and Pa- 

cific Avenue, San Pedro, LACMIP loc. 130-7, opposite Berth 79, Los 

Angeles Harbor, Timms’ Point formation, California, Pleistocene. 

OCCURRENCE: Pleistocene: South Carolina, Florida (Canu and Bass- 

ler, 1923); Sicily (Neviani, 1896). Plocene: Florida, South Carolina, 

(Canu and Bassler, 1923). Miocene: North Carolina (Canu and Bassler, 

1923): Australia (Waters, 1882). Recent: Pacific: Mexico (Busk, 1856) ; 
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Alaska (Robertson, 1900, 1908); Queen Charlotte Islands, British Colum- 

bia (Hineks, 1884); Vancouver Island (O’Donoghue and O’Donoghue, 

1923, 1926); Puget Sound (O’Donoghue and O’Donoghue, 1925); Panama 

(Hastings, 1930); Galapagos Islands (Canu and Bassler, 1930); Aus- 

tralia (Livingstone, 1926, 1927; Japan (Sakakura, 1935); India (Robert- 

son, 1921); Haneock stations, California, Channel Islands, Gulf of Cali- 

fornia, Mexico, Baja California, Colombia, Galagapos Islands, Peru. Af- 

lantic: England (Johnston, 1838, 1847, Alder, 1857, Hincks, 1862, 1880, 

Smith, 1932); Denmark, Norway, Iceland, Arctic (Hincks, 1877, 1880, 

Levinsen, 1894, Nordgaard, 1895, 1907, 1912, 1918, 1927); Florida, Tortu- 

gas, Venezuela (Smitt, 1873, Osburn, 1914, 1947); Labrador, Woods Hole, 

Massachusetts, Newfoundland (Packard, 1863, Hincks, 1877, Osburn, 

1912); Brazil (Marcus, 1937). 

DeptH: Shore (intertidal) to 150 fathoms (99 records). 

Parasmittina californica (Robertson), 1908. 

Mucronella californica Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 

308, 309, pl. 23, fig. 80. 

(non) Smittina californiensis CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, 

p. 146, pl. 37, figs. 7-9. 

Parasmittina californica, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 415, 416, pl. 51, figs. 8-11. 

DESCRIPTION: Zoaria incrusting. Zooecia distinct, alternate. Frontal 

porous, bears small raised sub-oral avicularia, occasional very large lateral 

spathulate avicularia, placed to one side of the aperture, may be found. 

Aperture surrounded by low peristome, with a lyrula. Ovicells globose, 

perforate. 

MEASUREMENTS: Aperture, 124/138 mp. Zooecia, 567/383 muy. 

LocaLities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. Bath-house Beach, Santa Barbara, California, Pleistocene. 

OCCURRENCE: Recent: California, Santa Catalina Island (Robertson, 

1908); Haneock stations, Channel Islands, Mexico, Gulf of California, 

Galapagos Islands. 

DeptH: 23 to 150 fathoms (9 records). 

ReMARKS: Not previously recorded as fossil. 

Parasmittina collifera (Robertson), 1908. 

Smittia collifera Roperrson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 304, 

305, pl. 23, figs. 72, 73. 
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(non) Porella collifera CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, pp. 148, 

149, pl. 38, figs. 10-15. 

Smittia collifera, O'DONOGHUE and O’DonoGHusr, 1923, Contr. Canad. Biol., n. s., 

vol. 1, no. 10, p. 185. 

Smittina collifera, O’DONOGHUE and O’DoNnocHuR, 1925, Univ. Wash., Pub. Puget 

Snd. Biol. Sta., Trans., vol. 5, p. 104. 

Smittina collifera, O’DONOGHUE and O’DoNnoGHur, 1926, Contr. Canad. Biol. Fish., 

MEESeVOlaro. NOn oa. 

Parasmittina collifera, OspurRN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 416-418, pl. 49, figs. 9-11. 

DEscrIPTION: Zoaria incrusting. Zooecia distinct, alternate, with mar- 

ginal pores. Aperture with lyrula and surrounded by peristome. No sub- 

oral avieularia. Occasional lateral avicularia located at the side of, and 

pointing toward, the aperture. No ovicells present on our specimens. 

MEASUREMENTS: Aperture, 127/138 mp. Zooecia, 437/243 mu. 

Locauities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OccuRRENCE: Recent: Pacific: California (Robertson, 1908); Van- 

couver Island region (O’Donoghue and O’Donoghue, 1923, 1926); Puget 

Sound (O’Donoghue and O'Donoghue, 1925); Hancock stations, California, 

Channel Islands, Mexico. 

DeptH: Shore (intertidal) to 81 fathoms (7 records). 

RemMarKs: This is the first record of this species from fossil deposits. 

Genus Mucronella Hincks, 1880 

Mucronella microstoma (Norman), 1864. 

Lepralia microstoma NorMaAn, 1864, Ann. Mag. Nat. Hist., ser. 3, vol. 13, p. 87, 

ple i, fic: 2: 

(non) Mucronella microstoma O’DoNOGHUE and O’DoNoGHUE, 1923, Contr. Canad. 

Biol., n. s., vol. 1, no. 10, p. 188. 

DeEscrIPTION: Zoaria incrusting, heavily coated by secondary calcifica- 

tion. Zooecia distinct, ovoid. Aperture small, surrounded by a thick mu- 

eronate peristome. No intact ovicells on our specimens. 

MEASUREMENTS: Aperture, 92/115 mp. Zooecia, 322/218 muy. 

Locauities: LACMIP loe. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OccURRENCE: Recent: Atlantic: British Isles (Norman, 1864, Hincks, 

1880); France (Canu, 1924). 
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DeptH: 15 to 205 fathoms (4 records). 

Remarks: Not previously known as fossil. 

Family RETEPORIDAE Smitt, 1867 

Genus Phidolopora Gabb and Horn, 1862 

Phidolopora labiata Gabb and Horn, 1862. 

Phidolopora labiata Gass and Horn, 1862, Jour. Acad. Nat. Sci., Phila., ser. 2, 

vol. 5, pt. 2, pp. 138, 139, pl. 19, fig. 21. 

Retepora pacifica Roperrson, 1908, Univ. Calif. Publ. Zool., vol. 4, no. 5, pp. 310, 

311, pl. 24, figs. 81-84. 

Phidolopora pacifica, CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, p. 154, 

pl. 39, figs. 1-7. 

Phidolopora labiata, CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, pp. 154, 

155, pl. 39, figs. 13-17. 

Retepora pacifica, O’DoNoGHUE and O’DoNnoGHUE, 1923, Contr. Canad. Biol., n. s., 

vol. 1, no. 10, p. 189. 

Phidolopora pacifica, O’DONOGHUE and O’DONOGHUE, 1925, Univ. Wash., Pub. Puget 

Snd. Biol. Sta., Trans., vol. 5, p. 106. 

Phidolopora pacifica, O'DONOGHUE and O’DoNnoGHUE, 1926, Contr. Canad. Biol. Fish., 

n.s., vol. 3, no. 3, pp. 118, 119. 

Description: Zoaria in the fossil material consisting of fragments of 

what were in life large convoluted masses, erect. Fenestrae oval, twice 

as long as wide. On the dorsal side at the base of each fenestra is located 

an elevated avicularium, with the mandible portion directed downward. 

Zooecia small, frontal wall granular, sloping upward from the sides to 

the midline. On some older zooecia there is a high peristome, with a 

well-defined sinus below, which develops an elevated avicularium. Ovi- 

cells, when present, small and set far back, united secondarily to the zooecia 

by growth of the peristome. 

MEASUREMENTS: Peristome dia. 162 mp. Zooecia 667/360 my. 

LocaLities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. Bath-house Beach, Santa Barbara, California, Pleistocene. 

LACMIP loe. 64, “Hilltop Quarry,” Lomita Marl, San Pedro, California, 

Pleistocene. 

OccuRRENCE: Pleistocene: Santa Monica, California, Santa Barbara, 

California, Dead Man’s Island, San Pedro (harbor), California (Canu and 

Bassler, 1923); Santa Barbara, California (Gabb and Horn, 1862). Recent: 

Pacific: California (Robertson, 1908); Vancouver Island, British Columbia 

(O’Donoghue and O’Donoghue, 1923, 1926); Puget Sound region (Robert- 



Vou. XXIX] SOULE AND DUFF: FOSSIL BRYOZOA 125 

son, 1908, O’Donoghue and O'Donoghue, 1925); Hancock stations, Oregon, 

California, Channel Islands, Mexico, Baja California, Gulf of California, 

Costa Rica, Galapagos Islands, Peru. 

DeptH: 8 to 131 fathoms (86 records). 

Genus Rhynchozoon Hincks, 1895 

Rhynchozoon tumulosum (Hincks), 1882. 

Schizoporella tumulosa Hincks, 1882, Ann. Mag. Nat. Hist., ser. 5, vol. 10, p. 252. 

Schizoporella tumulosa, Htncks, 1883, Ann. Mag. Nat. Hist., ser. 5, vol. 11, pp. 447, 

448, pl. 18, fig. 2. 

Schizoporella twmulosa, ROBERTSON, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, 

pp. 293, 294, pl. 20, fig. 53. 

Schizoporella tumulosa, O’DoNOGHUE and O’DoNoGHukr, 1923, Contr. Canad. Biol., 

n. s., vol. 1, no. 10, p. 179. 

Schizoporella tumulosa, O’DoNOGHUE and O’DonoGHUE, 1925, Univ. Wash., Pub. 

Puget Snd. Biol. Sta., Trans., vol. 5, p. 102. 

Schizoporella tumulosa, O’DONOoGHUE and O’DONOGHUR, 1926, Contr. Canad. Biol. 

Fish., n. s., vol. 3, no. 3, p. 102. 

Rhynchozoon tumulosum, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 458, 459, pl. 54, figs. 4, 5, 12. 

DESCRIPTION: Zoaria incrusting, heavily calcified. Zooecia large, ovoid, 

frontal wall raised along center line, sloping to lateral margins. Aperture 

circular, containing a shallow sinus in the proximal rim. Below the aper- 

ture and to one side may be found evidence of an elevated avicularium. 

Avicularia more common in the older zoaria, also found frontally, but must 

be distinguished from the sub-oral type. Ovicells smooth, globular, immersed. 

MEASUREMENTS: Aperture, 57/80 mp. Zooecia, 402/276 mu. 

Locauities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OccuRRENCE: Recent: Pacific: Queen Charlotte Islands (Hincks, 1882, 

1883); Vancouver Island Region (O’Donoghue and O’Donoghue, 1923, 

1926); Puget Sound region (O’Donoghue and O’Donoghue, 1925); Cali- 

fornia (Robertson, 1908); Hancock stations, California, Channel Islands, 

Mexico, Baja California, Oregon. 

DeprtH: Shore (intertidal) to 235 fathoms (48 records). 

REMARKS: Not previously known as fossil. 
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Family CHEILOPORINIDAE Bassler, 1936 

Genus Hippopodinella Barroso, 1924 

Hippopodinella adpressa (Busk), 1854. 

Lepralia adpressa Busk, 1854, Cat. Mar. Polyzoa Brit. Mus., pt. 2, p. 82, pl. 102, 

figs. 3, 4. 

Lepralia adpressa, BuskK, 1856, Quart. Jour. Mic. Sci., vol. 4, p. 178. 

Hippopodinella adpressa, HASTINGS, 1930, Proc. Zool. Soc. London, 1929, pt. 2, p. 279. 

Hippopodinella adpressa, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

De Bt ol NG wes OS 

DESCRIPTION: Zoaria incrusting. Zooecia ovoid, immersed, somewhat 

indistinct. Frontal wall pitted. Aperture rounded distally, contracted 

sharply just below the middle, with the proximal rim only slightly curved. 

Lateral walls of the aperture bearing two prominent cardelles. Ovicell 

endozooecial. 

MEASUREMENTS: Aperture, 162/138 mp. Zooecia 506/325 muy. I p. p 

LocaLities: West Second and Pacifie Avenue, San Pedro, California, 

Pleistocene. 

OCCURRENCE: Recent: Pacific: India (Robertson, 1921); Panama, 

Galapagos Islands (Hastings, 1930); Mexico (Busk, 1856); Hancock sta- 

tions, Mazatlan, Mexico, Baja California, Gulf of California, Costa Riea, 

Panama, Ecuador, Galapagos. Atlantic: England (Hincks, 1862); France 

(Calvet, 1902); Italy (Norman, 1909). 

DreptH: Shore (intertidal) to 92 fathoms (29 records). 

Remarks: Not previously found as a fossil. 

Family PHYLACTELLIDAE Canu and Bassler, 1917 

Genus Lagenipora Hincks, 1877 

Lagenipora punctulata (Gabb and Horn), 1862. 

Entalophora punctulata GABB and Horn, 1862, Jour. Acad. Nat. Sci., Phila., ser. 2, 

vol. 5, pt. 2, pl. 171, pl. 21, fig. 61. 

Lagenipora spinulosa Hincxks, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, pp. 57, 

210, 211, pl. 3, fig. 4, pl. 9, fig. 4. 

Lagenipora spinulosa, RoBERTSON, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 283, 

284, pl. 18, fig. 37. 

Tubucellaria punctulata, CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, p. 170, 

pl. 40, figs. 1-4. 
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Lagenipora erecta O’DoNoGHUE and O’DonocHur, 1928, Contr. Canad. Biol., n. s., 

vol. 1, no. 10, pp. 175, 176, pl. 3, fig. 22. 

Lagenipora erecta, O’DoNOGHUE and O’DonoGHuE, 1925, Univ. Wash., Pub. Puget 

Snd. Biol. Sta., Trans., vol. 5, p. 106. 

Lagenipora erecta, O'DONOGHUE and O’DonocHuE, 1926, Contr. Canad. Biol. Fish., 

n. s., vol. 3, no. 3, p. 120. 

Lagenipora punctulata, OspuRN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 485, 486, pl. 60, figs. 1, 2. 

DescripTION: Zoaria erect, consisting of tubular stems arising from a 

small base. Zooecia tubular or flask-shaped, the lower, somewhat swollen 

portion, forming a part of the stem, with the upper tubular neck stand- 

ing well out. The neck is wider at the oral extremity, with a tendency to 

flare. The top of the neck may or may not have traces of small avicularia 

borne on low processes. Aperture oval. Ovicells, when present, lie at the 

lower end of the tubular neck, between it and the stem. It has a large 

crescent-shaped flattened area in front, perforated by pores. 

MEASUREMENTS: Diameter peristome, 184 mp. Diameter aperture, 

126 muy. 

Locauities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. Bath-house Beach, Santa Barbara, California, Pleistocene. 

LACMIP loc. 66-2, Newport Harbor mesa, Newport, California, Pleisto- 

eene. LACMIP loc. 64, “Hilltop Quarry,” Lomita Marl, San Pedro, Cali- 

fornia, Pleistocene. LACMIP loc. 130-7, opp. Berth 79, Los Angeles har- 

bor, Timm’s Point formation, Pleistocene. 

OccuURRENCE: Pleistocene: Santa Barbara, California (Gabb and Horn, 

1862); Santa Barbara, Santa Monica, Dead Man’s Island, San Pedro [har- 

bor], California (Canu and Bassler, 1923). Recent: Pacific: Queen Char- 

lotte Islands, British Columbia (Hincks, 1884); Vancouver Island region 

(O’Donoghue and O’Donoghue, 1923, 1926); Puget Sound, Washington 

(O’Donoghue and O’Donoghue, 1925); California (Robertson, 1908); Han- 

cock stations, California, Channel Islands, Baja California, Mexico, Galapa- 

20s Islands. 

DeptH: Shore (intertidal) to 150 fathoms (121 records). 

Family CELLEPORIDAE Busk, 1852 

Genus Holoporella Waters, 1909 

Holoporella brunnea (Hincks), 1884. 

Cellepora brunnea Hincxks, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, p. 56. 

Smittia californiensis RoperTsON, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, pp. 303, 

B04 sple22s figs tle 
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Cellepora brunnea, O'DONOGHUE and O’DonoGHuE, 1926, Contr. Canad. Biol. Fish., 

NES VOLO ENON OD. lial 

Holoporella brunnea, HAstTines, 1930, Proc. Zool. Soc. London, 1929, p. 731, pl. 26, 

figs. 108-110. 

Holoporella brunnea, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, pp. 

496, 497, pl. 62, figs. 10-12. 

DescripTION: Zoaria inerusting. Zooecia crowded, barrel-shaped, with 

some elevated, others immersed. Surface smooth, punctured along the 

margin. Aperture arched above, lower lip curved slightly outward, with a 

small notch rounded below, and contracted at the opening with two minute 

denticular projections. Large avicularia scattered among the zooecia. 

MEASUREMENTS: Aperture, 105/149 mp. Zooecia 546/348 mu. 

Locauitres: West Second and Pacific Avenue, San Pedro, California, 

LACMIP loc. 66-2, Newport Harbor mesa, Newport, California, LACMIP 

loc. 136, Newport Bay road, Newport, California, Pleistocene. 

OccURRENCE: Recent: Pacific: Queen Charlotte Islands, British Colum- 

bia (Hincks, 1884); Vancouver Island region, (O’Donoghue and O’Don- 

oghue, 1926); California (Robertson, 1908); Galapagos, Panama, Colombia 

(Hastings, 1930); Haneock stations, California, Channel Islands, Mexico, 

Baja California, Galapagos, Panama, Costa Rica. 

DeptH: Shore (intertidal) to 150 fathoms (118 records). 

RemMarKS: Not previously recorded as a fossil. 

Genus Costazia Neviani, 1895 

Costazia costazi (Audouin), 1826. 

Cellepora costazii AuDOUIN, 1826, in Savigny, Descr. de l’Egypte Hist. Nat. vol. 1, 

pt. 4, p. 237, pl. 7, fig. 4. 

(non) Cellepora costazi, Ropertson, 1908, Univ. Calif. Pub. Zool., vol. 4, no. 5, p. 3138, 

pl. 24, fig. 89. 

Costazzia (Cellepora) costazzii, CANU and Basser, 1920, U. S. Nat. Mus. Bull. 106, 

p. 603, fig. 180a—c. 

Cellepora costazii, O’DONOGHUE and O’DONOGHUE, 1923, partim, Contr. Canad. Biol., 

n. s., vol. 1, no. 10, p. 190. 

(?) Costazzia costazgzii, O'DONOGHUE and O’DoNoGHUE, 1925, Univ. Wash., Pub. 

Puget Snd. Biol. Sta., Trans., vol. 5, p. 106. 

Costazzia costazii, O'DONOGHUE and O’DoNOGHUE, 1926, partim, Contr. Canad. Biol., 

Fish., n. s., vol. 3, no. 3, p. 121. 

Costazia costazi, OspuRN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, p. 506, 

pl. 62, figs. 3, 4. 
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DerscriPTION: Zoaria small, inerusting. Zooecia irregular, raised, with 

many marginal pores. Aperture subcireular, with a well defined rounded 

sinus. Peristome raised, bearing evidence of a small avicularium on each 

side of the aperture. Ovicells, when present, rounded, semi-lunar in ap- 

pearance. 

MEASUREMENTS: Aperture, 161/115 mp. Zooecia, 470/353 mup. 

Locauities: LACMIP loc. 66-2, Newport Harbor mesa, Newport, Cali- 

fornia, Pleistocene. 

OccURRENCE: Pliocene: Italy (Manzoni, 1870, Waters, 1879). Recent: 

Pacific: India (Robertson, 1921); Vancouver Island region (O’Donoghue 

and O’Donoghue, 1923, 1926); Puget Sound, Washington (O’Donoghue 

and O’Donoghue, 1925); Japan (Okada, 1929, 1933, 1934, Okada and 

Mawatari, 1935); Haneock stations, California, Channel Islands. Atlantic: 

British Isles (Hincks, 1880, Prenant, 1924, O’Donoghue and Watteville, 

1935, Bassindale, 1941, Waters, 1879); Azores, Canary Islands (Calvet, 

1907, 1931, Barroso, 1912, Jullien and Calvet, 1903); France (Calvet, 1902, 

1907, 1927, 1931). Arctic, Norway, Sweden (Smitt, 1867, Nordgaard, 

1896, 1906, Levinsen, 1909); Italy (Waters, 1879, Hincks, 1880, Marcus, 

1920, Barroso, 1912); South Africa (O’Donoghue and Watteville, 1935, 

Stephenson, 1938, Eyre, 1939); North Africa (Canu and Bassler, 1930) ; 

Brazil, (Mareus, 1937); Puerto Rico (Osburn, 1940). 

DeptH: 6 to 1069 fathoms (25 records). 

Costazia robertsonae (Canu and Bassler), 1923. 

Costazzia robertsoniae CANU and BASsLeErR, 1923, U. S. Nat. Mus. Bull. 125, p. 181, 

pl. 39, figs. 10-12. 

Cellepora costazi, RoBERTSON, 1908, partim, Univ. Calif. Pub. Zool. vol. 4, no. 5, 

p. 313, pl. 24, fig. 190. 

Cellepora costazii, O’ DONOGHUE and O’DoNOGHUE, 1923, partim, Contr. Canad. Biol., 

Nese VOL es NOs LOS py 9 0: 

Costazzia costazii, O’DONOGHUE and O’DONOGHUE, 1926, partim, Contr. Canad. Biol. 

IMBIN Ws Sky Wolk Bh wos Se os dal 

Costazia robertsonae, OSBURN, 1952, Allan Hancock Pac. Expds., vol. 14, no. 2, 

pp. 507, 508, pl. 62, figs. 1, 2. 

Description: Zoaria small nodular. Zooecia rough, raised, with areolar 

pores partially obscured by secondary calcification. Aperture oval, rounded 

above, with a proximal sinus that is ‘“V” shaped in the well preserved 

specimens. Peristome with a pair of oral avicularia, with a sear of an ocea- 

sional third avicularia distally. Interzooecial avicularia wide, ovoid. Ovi- 

cells wanting on our specimen. 
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MEASUREMENTS: Aperture, 156/104 mp. Zooecia, 543/248 muy. 

Locauities: LACMIP loe. 76, “lumber yard,” San Pedro, California, 

Pleistocene. 

OccuRRENCE: Pleistocene: Santa Monica [Rustic Canyon], California, 

(Canu and Bassler, 1923). Recent: Pacific: California (Robertson, 1908) ; 

Vancouver Island region (O’Donoghue and O’Donoghue, 1923, 1926); 

Hancock stations, California, Channel Islands, Mexico. 

DeptH: Shore (intertidal) to 50 fathoms (12 records). 

Sub-order CycLostomata Busk, 1852 

Division |, TUBULIPORINA Hagenow, 1851 

Family ONcousoEcnHDAE Canu, 1918 

Genus Proboscina Audouin, 1826 

Proboscina major (Johnston), 1847. 

Alecto major JOHNSTON, 1847, Hist. Brit. Zoophytes, 2nd Ed., p. 281, pl. 49, figs. 3, 4. 

Stomatopora major, Hincxs, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, p. 204. 

Stomatopora major, O'DONOGHUE and O’DoNOGHUE, 1923, Contr. Canad. Biol., nr. s., 

voll, no. 10; p. 153: 

Diaperoecia major, O'DONOGHUE and O’DonoGHuEr, 1926, Contr. Canad. Biol. Fish., 

Nn. S- Vol: 3, NO: 3; Ds 69: 

Oncouoecia (Proboscina) major, CANU and BASSLER, 1930, Proc. U. S. Nat. Mus., 

no. 2810, vol. 76, art. 13, pp. 46, 47. 

Proboscina major, OSBURN, 1953, Allan Hancock Pac. Expds., vol. 14, no. 3, pp. 621, 

622, pl. 65, fig. 5. 

DESCRIPTION: Zoaria incrusting. Zooecia tubular, erect. Apertures 

free, arranged in rows of one or two zooecia in linear succession. Ovicell 

on our specimen broken, low, elongate, bulbous. 

MEASUREMENTS: Diameter peristome, 460 my. Diameter aperture 187 mu. 

LocaLities: West Second and Pacific Avenue, San Pedro, California, 

Pleistocene. 

OCCURRENCE: Pliocene: England, Italy (Waters, 1887). Recent: Pa- 

cific: Queen Charlotte Islands (Hincks, 1884); Vancouver Island region 

(O’Donoghue and O’Donoghue, 1923, 1926); Hawaii (Canu and Bassler, 

1927); Galapagos Islands (Canu and Bassler, 1930); Hancock stations, 

Mexico, Ecuador, Galagapos Islands. 

DeptH: Shore (intertidal) to 170 fathoms (14 records). 
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Remarks: This is the first record of this species as fossil on the Pacific 

coast of North America. 

Genus Filisparsa d’Orbigny, 1853 

Filisparsa clarki Canu and Bassler, 1923. 

Filisparsa clarki CANu and BASSLER, U. S. Nat. Mus. Bull. 125, pp. 195, 196, pl. 

41, figs. 11-19. 

Description: Zoaria erect, branching, with transverse dorsal striations. 

Zooecia connate, except at distal ends, which rise as tubular extensions. 

MEASUREMENTS: Diameter peristome, 207 mp. Diameter aperture, 126 mp. 

Locauitires: Bath-house Beach, Santa Barbara, California, Pleistocene. 

OCCURRENCE: Pleistocene: Santa Barbara, California, Dead Man’s 

Island, San Pedro [harbor], California (Canu and Bassler, 1923). 

Depry: At this time there are no records of this species in living form. 

Family DIAPEROECHDAE Canu, 1918 

Genus Diaperoecia Canu, 1918 

Diaperoecia californica (d’Orbigny), 1852. 

Idmonea californica D’ORBIGNY, 1852, Paleon. Francaise, terr. cret., vol. 5, Bryo- 

zoaires, p. 732. 

Idmonea californica, Conrad, 1855, Proc. Acad. Nat. Sci., Phila., vol. 7, p. 441. 

Idmonea californica, GABB and Horn, 1862, Jour. Acad. Nat. Sci., Phila., ser. 2, vol. 5, 

pt. 2, pp. 168, 169, pl. 21, fig. 56. 

Idmonea californica, ROBERTSON, 1910, Univ. Calif. Pub. Zool., vol. 6, no. 12, pp. 

253, 254, pl. 23, figs. 39-41. 

Idmonea californica, CANU and BASSLER, 1923, U. S. Nat. Mus. Bull. 125, p. 199, 

pl. 43, figs. 1-9. 

Idmonea californica, O’DoNoGHUE and O’DONOGHUE, 1923, Contr. Canad. Biol., n. s., 

vol. 1, no. 10, p. 154. 

Idmonea californica, O’DONoGHUE and O’DONOGHUE, 1926, Contr. Canad. Biol. Fish., 

n. s., vol. 3, no. 3, pp. 73, 74. 

Diaperoecia californica, OsBuRN, 1953, Allan Hancock Pac. Expd., vol. 14, no. 3, 

pp. 642-644, pl. 67, figs. 1, 2. 

DescripTION: Zoaria erect. Zooecia tubular, long, extending one behind 

the other. Zooecial openings may be found in transverse rows, with as 

many as five or six to a row. 
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MEASUREMENTS: Diameter aperture 207 mp. Diameter peristome 312 mu. 

LocaLities: Bath-house Beach, Santa Barbara, California, Pleistocene. 

West Second and Pacific Avenue, San Pedro, California, Pleistocene. 

LACMIP loe. 130-7, opposite Berth 79 Los Angeles harbor, Timm’s Point 

formation, Pleistocene. LACMIP loe. 76, “lumber yard,” San Pedro, Cali- 

fornia, A. T. Tieje, collector, Pleistocene. 

OccURRENCE: Pleistocene: Santa Barbara, California (Conrad, 1855, 

Gabb and Horn, 1862); San Pedro, California (Conrad, 1855); Santa 

Monica, Santa Barbara, California, Dead Man’s Island, San Pedro, Cali- 

fornia (Canu and Bassler, 1923). Recent: Pacific: California (d’Orbigny, 

1852, Robertson, 1910); Vancouver Island region (O’Donoghue and O’Don- 

oghue, 1923, 1926); Hancock stations, California, Channel Islands, Mex- 

ico, Gulf of California, Costa Rica. 

DeptH: Shore (intertidal) to 150 fathoms (84 records). 

Family TuBuLiporiDAE Johnston, 1838 

Genus Tubulipora Lamarck, 1816 

Tubulipora tuba (Gabb and Horn), 1862. 

Semitubigera tuba Gass and Horn, 1862, Jour. Acad. Nat. Sci., Phila., ser. 2, vol. 5, 

Dt-2) Ds 169s pls 2i) fist ebi. 

Tubulipora occidentalis Rosertson, 1910, Univ. Calif. Pub. Zool., vol. 6, no. 12, 

p. 249, pl. 22, figs. 29-31. 

Tubulipora occidentalis, CANU and Basster, 1920, U. S. Nat. Mus. Bull. 106, p. 757, 

fig. 246 k. 

Tubulipora tuba, CANU and Basster, 1923, U. S. Nat. Mus. Bull. 125, p. 198, pl. 42, 

figs. 18-23. 

Tubulipora occidentalis, O’ DONOGHUE and O’DonoGuur, 1923, Contr. Canad. Biol., 

nm. s., vol. 1, no. 10; p. 150. 

Tubulipora tuba, O’DoNoGHUE and O’DoNnoGHuUE, 1925, Univ. Wash., Pub. Puget 

Snd. Biol. Sta., Trans., vol. 5, p. 95. 

Tubulipora tuba, O’DonoGHUE and O’DonocuvsE, 1926, Contr. Canad. Biol. Fish., 

n. s., vol. 3; no: 3, pp. “0; fae 

Tubulipora tuba, OspuRN, 1953, Allan Hancock Pac. Expd., vol. 14, no. 3, pp. 650, 

pl. 68, fig. 9. 

Description: Zoaria incrusting. Zooecia tubular, erect, arranged mono- 

serially or biserially, with many tubes. Ovicells globose, spreading among 

two or three series of tubes. Ooeciostome short, tubular, erect, located 

near first zooecial tube of series. 
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MEASUREMENTS: Diameter peristome, 126 my. Diameter aperture, 70 mp. 

LocauitIes: Bath-house Beach, Santa Barbara, California, Pleistocene. 

West Second and Pacific Avenue, San Pedro, California, Pleistocene. 

OccuRRENCE: Pleistocene: Santa Barbara, California (Gabb and Horn, 

1862); Santa Monica, Santa Barbara, Dead Man’s Island, San Pedro [har- 

bor], California (Canu and Bassler, 1923). Recent: California (Robert- 

son, 1910); Vancouver Island region (O’Donoghue and O’Donoghue, 1923, 

1926) ; Puget Sound (Robertson, 1910, O’Donoghue and O’Donoghue, 1925) ; 

Haneock stations, Channel Islands. 

DeptH: 4 to 81 fathoms (9 records). 

Tubulipora tuba var. fasciculifera (Hincks), 1884. 

Tubulipora fasciculifera Hincks, 1884, Ann. Mag. Nat. Hist., ser. 5, vol. 13, pl. 9, 

figs (6: 

Tubulipora occidentalis Ropertson, 1910, (pars), Univ. Calif. Pub. Zool., vol. 6, 

no. 12, p. 249, pl. 22, figs. 29-31. 

Tubulipora fasciculifera, CANU and BASsLER, 1923, U. S. Nat. Mus. Bull. 125, p. 197, 

pl. 42, figs. 9-17. 

Tubulipora fasciculifera, O’DONOGHUE and O’DonoGHur, 1923, Contr. Canad. Biol., 

n. s., vol. 1, no. 10, p. 150. 

Tubulipora fasciculifera, O’DONoGHUE and O’DoNoGHuUER, 1925, Univ. Wash., Pub. 

Puget Snd. Biol. Sta., Trans., vol. 5, p. 95. 

Tubulipora fasciculifera, O'DONOGHUE and O’DonoGHuE, 1926, Contr. Canad. Biol. 
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Tubulipora tuba var. fasciculifera, OSBURN, 1953, Allan Hancock Pac. Expd., vol. 14, 

no. 3, pp. 651, 652, pl. 68, fig. 10. 

DeEscrIPTION: Zoaria flat, incrusting, our specimens fragmentary. 

Zooecia tubular, radiating, erect, free, arranged monoserially or biserially 

with few tubes. Ovicells small, placed among the rows of zooecial tubes. 

Our specimens do not show intact ooeciostomes. 

MEASUREMENTS: Diameter peristome, 138 my. 

Locauitres: Bath-house Beach, Santa Barbara, California, Pleistocene. 

LACMIP loc. 66-2, Newport Harbor mesa, Newport, California, Pleisto- 

cene. 

OCCURRENCE: Pleistocene: Santa Barbara, California (Canu and Bass- 

ler, 1923). Recent: Pacific: Queen Charlotte Islands (Hincks, 1884); Van- 

ecouver Island region (O’Donoghue and O’Donoghue, 1923, 1926); Puget 

Sound (O’Donoghue and O’Donoghue, 1925); Hancock stations, California, 

Channel Islands. 

DeptH: 8 to 131 fathoms (16 records). 
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Division II], ARTICULATA Busk, 1859 

Family Crisupar Johnston, 1838 

Genus Crisia Lamouroux, 1812 

Crisia serrulata Osburn, 1953. 

Crisia serrulata OspurN, 1953, Allan Hancock Pac. Expd., vol. 14, no. 3, pp. 679, 

680, pl. 72, fig. 2. 

Crisina serrata GAsBB and Horn, 1862, Jour. Acad. Nat. Sci., Phila., ser. 2, vol. 5, 

Pte) pp ita. a5, pl. 21h ne. 166: 

Crisia pacifica Ropertson, 1910, Univ. Calif. Pub. Zool., vol. 6, no. 12, pp. 242, 243, 

pl. 20, figs. 16, 17. 

Crisia serrata, CANU and BAssLer, 1923, U. S. Nat. Mus. Bull, 125, pp. 196, 197, 

pl. 42, figs 1-7. 

Crisia pacifica, O’DoNoGHUE and O’DonoGHuE, 1923, Contr. Canad. Biol., n. s., 

vol. 1, p. 149. 

Crisia serrata, O’DONOGHUE and O’DonoGHUE, 1926, Contr. Canad. Biol., Fish., n. s., 

vol. 3, no. 3, p. 64. 

Description: Zoaria caleareous, erect, with a low longitudinal keel 

along the mid-dorsal line. Zooecia tubular, connate. Ovicell prominent, 

adhering in its entire length to the ventral zoarial wall. 

MEASUREMENTS: Diameter peristome, 103 mp. Diameter aperture, 

92 mp. Diameter zooecia, 138 muy. 

LocauitiEs: Bath-house Beach, Santa Barbara, California, Pleistocene. 

West Second and Pacific Avenue, San Pedro, California, Pleistocene. 

OccuRRENCE: Pleistocene: Santa Barbara, California (Gabb and Horn, 

1862); Santa Barbara, Santa Monica, California (Canu and Bassler, 1923). 

Recent: California (Robertson, 1910); Vancouver Island region (O’Don- 

oghue and O’Donoghue, 1923, 1926); Hancock stations, Oregon, California, 

Channel Islands, Gulf of California, Mexico, Galapagos Islands. 

DeptH: 8 to 86 fathoms (26 records). 

SUMMARY 

In reviewing the material covered in this report, we find that of 56 

species of Bryozoa noted, the following 19 have not previously been re- 

ported from the fossil record: Conopeum commensale Kirkpatrick and 

Metzelaar, 1922; Antropora tincta (Hastings), 1930; Microporina borealis 

(Busk), 1855; Labioporella sinuosa Osburn, 1940; Thalamoporella califor- 

nica (Levinsen), 1909; Amastigia rudis Busk, 1852; Scrupocellaria regularis 
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Osburn, 1940; Scrupocellaria varvans Hincks, 1882; Hippopodina feegeensis 

(Busk), 1884; Schizoporella linearis inarmata (Hineks), 1884; Schizo- 

mavella auriculata cuspidata (Hineks), 1880; Hippodiplosia insculpta 

(Hineks), 1882; Hippoporella gorgonensis Hastings, 1930; Parasmittina 

californica (Robertson), 1908; Parasmittina collifera (Robertson), 1908; 

Mucronella microstoma (Norman), 1864; Rhynchozoon tumulosum 

(Hinecks), 1882; Hippopodinella adpressa (Busk), 1854; Holoporella brun- 

nea (Hineks), 1884. In addition to those listed above, we have recorded 

another 10 species that have been reported from the fossil record prior 

to this time, but not from the Pacific coast of America. Finally, there are 

4 species, namely, Schizomavella auriculata cuspidata (Hincks), 1880; 

Hippoporidra edax (Busk), 1859; Mucronella microstoma (Norman) 1864; 

and Filisparsa clarki Canu and Bassler, 1923, that are as yet unreported 

as living forms from the waters of the Pacific coast of North America. 
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PREFACE 

Hydrangea, a woody genus of the Saxifragaceae, has been a popular 

garden and greenhouse plant since the importation of Hydrangea macro- 

phylla into England from China by Sir Joseph Banks in 1789. The genus 

is of interest to botanists because of its disjunct distribution. It occurs 

in the temperate regions of eastern Asia and eastern North America and 

extends southward into the tropics of both hemispheres. A temperate 

group with a deciduous habit has had its greatest development in eastern 

Asia, while a tropical group with an evergreen habit has had its greatest 

development in Central and South America. The plants in cultivation 

have come ehiefly from the deciduous group. 

Throughout its wide range in both the Old and New worlds Hydrangea 

is fairly abundant and has been much collected over a period of years. 

Many species have been deseribed from these collections and also from 

cultivated plants. This has resulted in a multiplicity of names in the 

genus. No revision of the genus has been done for many years; therefore, 

for horticultural, as well as for botanical purposes, it seemed desirable 

to revise the genus thoroughly, to find out the morphological and geo- 

graphical limits of the species, and to find out the relationship which 

exists between the New World and the Old World groups. 

[147] 
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INTRODUCTION 

The name Hydrangea was first used by Gronovius (1739) in his Flora 

Virginica for a plant collected by John Clayton. Linnaeus (1753) adopted 

this name when he described Hydrangea arborescens in the Species Planta- 

rum. This, the first species to be described in the genus, was followed by 

H. radiata, which was named by Thomas Walter (1788) in the Flora 

Carolinaana, and H. quercifolia, named by William Bartram in 1790 in 

the account of his travels through the Carolinas, Georgia, and Florida. 

Ruiz and Pavon made the first collection of a species of the genus in South 

America, but they referred their plant to the genus Cornidia (1798). 

Cornidia umbellata Ruiz & Pavén is now referred to Hydrangea Presli 

Briquet. The first Asiatic species of the genus were placed in Viburnum. 

In 1781 the younger Linnaeus described one species, and in 1784 Carl 

Thunberg described five in his Flora Japonica. 

Because of the ornamental value of some species of Hydrangea, many 

of the early collections of the genus were actually made for the purpose 

of introducing the plants into gardens. Hydrangea arborescens, the first 

species to be cultivated in England, was said by William Curtis (1799) 

to have been introduced into England as early as 1736. Philip Miller 

(1768) stated that it had “been brought within a few years past to EKu- 

rope, and is now preserved in gardens for the sake of variety more than 

its beauty.” Apparently, this species was never as popular a garden 

plant as the next hydrangea to be introduced into England, the one we 

know today as Hydrangea macrophylla subsp. macrophylla. Through the 

agency of Sir Joseph Banks a living plant of this hydrangea was brought 

to the gardens at Kew from China in 1789. It was named H. hortensts 

by Sir James E. Smith (1792). Hydrangea hortensis, however, was the 

same as the plant described by Thunberg in 1784 as Viburnum macro- 

phyllum. Thunbere’s name was overlooked until Seringe (1830) trans- 

ferred it from Viburnum to Hydrangea. The plant, however, was not 

overlooked. As Hortensia opuloides it was described by Lamarck (1790). 

This name was based on a specimen cultivated at Mauritius and probably 

sent to France by Commerson. The Portuguese missionary, Loureiro, 

who spent many years in Indo-China, in 1790 described a plant as 

Primula mutabilis which was apparently a cultivated specimen of Hy- 

drangea macrophylla subsp. macrophylla (see Merrill, 1935). Other names 

were given to this plant by Siebold who during the several years which 
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he spent in Japan collected a number of horticultural forms of hydrangea. 

Siebold’s names were published and described (1829) in a synopsis of the 

Japanese species of Hydrangea. Later (1840) some of these were illus- 

trated in Siebold and Zucearini’s Flora Japonica. 

During the early part of the nineteenth century other Asiatic species 

were discovered and named. Hydrangea anomala, H. aspera, and H. het- 

eromalla were found in the eastern Himalayas by Francis Buchanan- 

Hamilton and Nathaniel Wallich. These same species were collected again 

by J. D. Hooker and Thomas Thomson during their explorations of the 

eastern Himalayas in 1848-1850. So far as known no material was intro- 

duced into cultivation from these collections. 

The first complete taxonomic treatment of the genus was that of Seringe 

(1830) in DeCandolle’s Prodromus, which brought together the species 

from both the Old and New worlds known to that time. In treating the 
South American species he apparently overlooked the genus Cornidia of 

Ruiz and Pavoén, but he did include Sarcostyles of Presl, in which was 

placed Sarcostyles peruviana Presl, now referred to Hydrangea Preslu. 

The other South American species which he included were H. peruviana 

Moricand and H. scandens Poeppig, now referred to H. serratifolia. He 

included among the Asiatic species not only the Japanese species de- 

seribed by Thunberg (1784) and Siebold (1829) but also H. oblongifolia 

Blume (now placed in synonymy under H. aspera) from Java, and the 

species from the eastern Himalayas deseribed by Wallich (1826) and David 

Don (1825). 

Maximowiez (1867) published an important revision of the eastern 

Asiatic species known at that time. These species he divided into two 

sections: Euhydrangea, for those which are erect in habit and have petals 

which fall separately and possess elliptic seeds, and Calyptranthe for 

those which are scandent in habit and have petals which are coherent and 

fall as a cap and possess circular seeds. Euhydrangea he divided into 

Series 1, Petalanthe, for those in which the petals are persistent and re- 

flexed during anthesis and the seeds are not caudate, and Series 2, Pipto- 

petalae, for those in which the petals are usually deciduous in early 

anthesis and the seeds are caudate. He divided Petalanthe into two groups, 

Americanae, for the North American species, and Japonico-sinensis, for 

Hydrangea hirta, H. virens, and H. chinensis, Koehne, treating only the 

cultivated species of the groups previously considered by Maximowicz, 

divided them into two subgenera, Hortensia for H. opuloides, and Hor- 

tensiella for the remainder of the species. This latter subgenus he divided 

into Euhydrangea and Calyptranthe. 

Engler’s summary of the genus (1891) recognized Euhydrangea and 

‘alyptranthe as originally constituted by Maximowicz, and in addition 

established a third section, Cornidia, for the scandent evergreen species of 
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Central and South America. Schneider’s treatment (1906) of the ecul- 

tivated species was based essentially on that of Engler, except that he 

called Engler’s sections subgenera. Rehder (1911), treating only the Chi- 

nese species, recognized Euhydrangea and Calyptranthe as constituted 

by Maximowicz. Euhydrangea he divided into three subsections. In 

Petalanthe he included only those species which Maximowiez had grouped 

together as Japonico-sinensis. Heteromallae was a new subsection for 

H. paniculata and H. heteromalla, and Asperae was new for H. aspera. 

Later (1927), in a treatment of the cultivated species, Rehder added a 

fourth group under Euhydrangea, Americanae, for the North American 

species. He refers to these subdivisions as “Groups” in 1927, but in 

1940 and 1949 he refers to them as “Series.” Engler (1930), in a brief 

treatment of the genus, recognized Rehder’s subdivisions which he called 

subsections. 

Briquet (1919) revised the Central and South American species and fol- 

lowed Engler (1891) by placing them in the section Cornidia. Briquet di- 

vided this section into two subsections, Monosegia and Polysegia, based 

on the structure of their inflorescences. 

The present treatment of Hydrangea differs from previous ones in two 

respects. First, only two sections, Kuhydrangea, which must be ealled 

section Hydrangea according to a new rule adopted at the meeting of the 

International Botanical Congress held in Paris in 1954 (Stafleu, 1954), 

and Cornidia are recognized. The section Calyptranthe, established by 

Maximowiecz and recognized by everyone since, is made a subsection under 

the section Hydrangea. The characters on which Calyptranthe was based 

do not appear to be of the same importance as those on which the sections 

Hydrangea and Cornidia are constituted in the present treatment. Sec- 

ond, Hydrangea macrophylla (H. opuloides and H. serrata) is removed 

from subsection Petalanthe, in which it had been placed by Rehder and 

later by Engler, and put into a subsection by itself, designated in the 

present treatment as subsection Macrophyllae. 

MORPHOLOGY AND INFRAGENERIC DIVISIONS 

The characters used for dividing Hydrangea along sectional lines are 

the following: 

Hasir. Erect or scandent. When scandent the plants cling by means 

of aerial rootlets. 

Fouacr. Evergreen or deciduous. 

LEAF TEXTURE. Coriaceous or chartaceous. 

FLORAL BRACTS. Rounded or lanceolate. Rounded bracts, several in 

number, occur in a row at the base of the inflorescence. These envelop 
the unopened inflorescence, and leave noticeable scars on falling. Lanceo- 

late bracts, usually numerous, occur throughout the inflorescence. These 
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may cover, but do not envelop the unopened inflorescence and leave no 

sears on falling. 

The characters used to distinguish and delimit the two sections are the 

following: 

HYDRANGEA CORNIDIA 

Habit usually erect. Habit usually seandent. 

Fohage deciduous. Foliage evergreen. 

Leaf texture chartaceous. Leaf texture coriaceous. 

Floral bracts usually lanceolate. Floral bracts rounded. 

The characters found useful in delimiting the species in the present 

study are relatively clear cut and overlap very little from one species 

to another. The use by previous workers of extremely variable characters 

in describing new species, such as leaf pubescence and shape and size of 

the leaves, has given the genus an unwarranted reputation for being 

difficult. A discussion of the variation found in the principal morpho- 

logical characters follows: 

Leaves. In shape the leaves are usually ovate, varying from narrowly 

so to broadly ovate. Their margins are usually serrate or entire, although 

in two species they are pinnately lobed. In size, they vary in length 

from about two to thirty-five centimeters. In certain species shape and 

size of leaves are relatively constant, while in others both of these are 

extremely variable. 

A dimorphic condition of the leaves, which exists in the climbing 

species of the section Cornidia, is associated with a sterile, and perhaps 

juvenile, growth form. In this form the leaves are usually 1.5-3 em. 

long, dentate, chartaceous, and are borne on slender, epiphytic thread- 

like stems. According to Standley (1937), this growth form is very fre- 

quent in occurrence in the temperate region of Costa Rica, growing on 

tree trunks and fence posts. Because the sterile or juvenile leaves are 

very different from those on the flowering branches, the relationship be- 

tween the two kinds of leaves was long unrecognized. Specimens with 

the sterile leaves only have been seen from Panama, Guatemala, El Sal- 

vador, Nicaragua, Peru, and Chile. The specimens from El Salvador and 

Nicaragua are of particular interest because no flowering material has 

been collected from either of these countries. Hydrangea anomala, a 

climber from eastern Asia and a member of the section Hydrangea, also 

has sterile or juvenile leaves, as shown by two specimens in the herbarium 

at Kew, collected by Hooker and Thomson at Darjeeling. 

PuBESCENCE. The type of pubescence is usually uniform within each 

species, but its density may vary. Only in Hydrangea arborescens and 

H. quercifolia is there more than one kind of hair. In section Hydrangea 

the hairs are slender, about 0.5-1 mm. long, and white. Under a magnifi- 
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eation of 35 or 45 diameters their surfaces appear rough, like frosted 

glass; under magnification of about 350 diameters their surfaces are seen 

to be covered with minute tubercules (see plate 3, figure 4). These hairs 

are sometimes stiff and appressed and at other times soft and curled. In 

H. arborescens subsp. radiata the hairs have no tubercules and are smooth. 

In H. querctfolia both the smooth and rough surfaced hairs are combined 

on the lower leaf surfaces. In section Cornidia the more common kind of 

hair is short (0.1-0.3 mm. long), stiff, light brown, and borne in stellate 

clusters. The less common type consists of single, longer hairs (0.4—0.6 

mm. long), which are eurled, and light brown or ferruginous in color. 

INFLORESCENCE. The inflorescence in Hydrangea may be described in 

general terms as a dendritically branched, terminal cluster, usually many- 

flowered, and either rounded or pyramidal in shape. The rounded cluster 

is the more common, being found in all but two species, Hydrangea quer- 

ctfolia and H. paniculata, which have pyramidal clusters. The dendritie 

branching of the inflorescence is arranged in such a way that the flowers 

are held erect and more or less in the same plane. 

The ultimate members of the dendritically branched system, of which 

the rounded clusters are composed, consist of single flowers or small elus- 

ters of two to six flowers. These clusters correspond to modifications of 

a simple dichasium, which, as defined by Rickett (1943, p. 489), consists 

of a “short branch bearing a terminal flower and two prophylls which sub- 

tend as many lateral flowers.” Rickett (1948), in discussing the inflor- 

escence of Crataegus, interprets the terminal flower groups in the inflores- 

cence of C. Crus-galli as being dichasia. In some dichasia the terminal 

flower opens first, and in others the three flowers open approximately 

together. However, there are other flower groups with different numbers 

of flowers. Such groups represent condensations of dichasia, in which 

one or two flowers have failed to develop and which are aggregated in 

a rather irregular fashion upon a central axis. The inflorescence of Hy- 

drangea is made up of terminal units similar to those of Crataegus. These 

terminal units appear to represent modified dichasia with an irregular 

number of flowers which appear to open at approximately the same time. 

The entire inflorescence consists of an aggregation of irregular groups 

upon a central axis, several of which are joined together on a main rachis 

to form a rounded compound cluster. For such an inflorescence Rickett 

has proposed to use the term “cyme,” redefining it so that it does not 

refer to a sequence of flowering of the inflorescence. 

The pyramidal cluster found in Hydrangea quercifolia and H. pan- 

iculata has been called a panicle, or occasionally a thyrsoid ecyme. Ex- 

amination of the ultimate units of the inflorescences of these two species 

shows them to be single flowers or small clusters which appear to be modi- 

fications of simple dichasia and not different from those of the species 
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having the rounded clusters. These ultimate units are aggregated into 

branches which are scattered upon an elongate central rachis, and the 

whole inflorescence differs from the cyme, as redefined by Rickett, in its 

pyramidal form. For this inflorescence the term thyrse (Rickett, 1944), 

that is, a compound flower cluster of more or less pyramidal form whose 

ultimate units are simple dichasia, may be used. In this definition no 

reference is made to sequence of flowering of the inflorescence. However, 

in both species of Hydrangea having this kind of inflorescence there is a 

sequence of flowering from the bottom to the top of the inflorescence, the 

lowermost clusters opening before the uppermost. 

The main branches of the inflorescence in the section Cornidia all 

arise at one point, giving the inflorescence an “umbellate’ appearance. 

The arrangement of these umbel-like cymes is used as a basis for divid- 

ing the section into two subsections. The cymes occur singly in the sub- 

section Monosegia, while in the subsection Polysegia there are several 

which occur one above another along a main axis. In the section Hy- 

drangea the main branches do not arise at the same point, although 

sometimes their points of origin are close enough to present an ‘‘umbellate” 

appearance. The type of Hydrangea uwmbellata Rehder, now considered 

to belong to H. scandens subsp. chinensis, has such an inflorescence. In 

only one instance are a pair of closely related species separated by the dif- 

ferences in their inflorescences. The chief difference between H. heteromalla 

and H. panicuata is the rounded, eymose inflorescence of the former and 

the pyramidal one of the latter. 

FERTILE FLOWERS. Variations in floral structure involve in some de- 

gree most of the parts of the fertile flowers. 

Hypantuia. The ovary is fused wholly or in part with the receptacle 

and this fused portion is here called the hypanthium. When the fusion 

is complete, the top of the hypanthium, called the disk, is flat. When fusion 

is incomplete and only the lower part of the ovary is fused to the re- 

ceptacle, the disk is conical. 

SEPALS. The sepals are deltoid, relatively short (usually less than 

1 mm. long) and inconspicuous. Their number is the same as that of the 

petals, that is, either four or five. 

Petats. The petals are always valvate and vary little in size (usually 

about 2 mm. long). In shape they are somewhat ovate or obovate. When 

ovate, they are truncate at the base; when obovate, they are narrowed 

at the base (see plate 6, figures 2B and 4B). In one species the petals 

cohere and fall as a cap or calyptra (see plate 5, figure 4B). 

STAMENS. The stamens are usually 8 or 10, that is, twice as many as 

the sepals or the petals. In only one taxon (Hydrangea anomala subsp. 
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petiolaris) is their number three or four times that of the sepals or 

the petals. 

Pistits. Variation in the pistil is found in the number of its parts 

and in its relation to the hypanthium. The number of locules in the 

ovary and the number of styles vary from two to five, often with variation 

in the same species or even on the same plants. The relation of the ovary 

to the hypanthium has already been mentioned. The position of the ovary 

is a useful character for delimiting subsections and species in the see- 

tion Hydrangea. In the section Cornidia the ovary is always inferior. 

Placentation is always axile. In the inferior ovary the placentas are at- 

tached to the central axis which is at the same level as the attachment of 

the sepals to the hypanthium, while in the half superior ovary the cen- 

tral axis extends upward and under the conical disk. In the half superior 

ovary the styles arise from the top of the conical disk and their length 

in comparison with the height of the disk is used as a subsectional char- 

acter in two instances. The styles, normally separate, show a tendency 

to adhere during early anthesis in two species of the section Cornidia, 

Hydrangea diplostemona and H. tarapotensis, becoming separate by late 

anthesis (see plate 4, figures 7 and 8). The stigmatic surfaces develop 

from the apex of the styles downward along the inside surface in the form 

of noticeable papillae. The stigmatic surface may be present and receptive 

to pollen when the flower opens and the pollen is shed. However, from 

herbarium specimens it is not possible always to be certain when the 

stigmatic surface is receptive. In the two North American species the 

styles appear turgid when the flowers first open and the stigmatic surface 

is confined to a line extending from the top to a short distance down on 

the inside surface of the style. Later the stigmatic surface increases and the 

styles become less turgid. These two species which constitute the sub- 

section Americanae are most closely related to the Asiatic subsection Pipto- 

petalae on the basis of their both having an inferior ovary. In the sub- 

section Piptopetalae the styles from the beginning of anthesis appear slen- 

der and have a fairly well developed stigmatic surface. It would thus 

appear that in the individual flowers of the subsection Americanae the 

stigmas are not receptive to pollen until after the pollen has been shed, 

while in the flowers of subsection Piptopetalae the stigmas are receptive 

at the same time that the pollen is shed. Observations on living material 

are necessary to confirm this. In section Cornidia there are several species 

in which it is assumed that the stigmatic surfaces do not develop until 

after the pollen has been shed. In Hydrangea Oerstedu and H. serratifolva 

the styles remain smooth and do not elongate until some time after the 

flowers are open, and in H. diplostemona and H. tarapotensis the styles 

are adherent during early anthesis and the stigmatic surfaces are not 

exposed at this time. 
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CapsuLes. The capsules in all species open at the apex between the 

styles. The shape of the capsules depends on the position of the ovary. 

When the ovary is inferior, the capsule is truncate at the apex, and when 

the ovary is half superior, the capsule is conical. 

SEEDs. The seeds are numerous, elliptical to oval, and very small 

(about 1 mm. long). In some species the seeds are caudate, by virtue of 

the seed coat being attenuate into a short tail-lke extension at each end 

of the seed (see plate 5, figures le and 2c). In one species (Hydrangea 

anomala, see plate 5, figure 4D), the body of the seed is surrounded by 

a circular wing. The mature seeds in all species are variously striate 

or reticulate. 

STERILE FLOWERS. Sterile flowers, formed by the enlargement of the 

sepals into petal-like structures, are larger and more conspicuous than 

the fertile ones and occur around the periphery of the inflorescences. In 

most species, sterile flowers are present in addition to the fertile ones; 

however, occasionally (as in Hydrangea arborescens), they may be pres- 

ent in some individual plants and absent in others. In a few species only 

fertile flowers are present. 

The occurrence of inflorescences consisting entirely of sterile sepaloid 

flowers led to the early cultivation of Hydrangea macrophylla as an 

ornamental plant. There are similar forms, also in cultivation, of H. 

arborescens and H. paniculata. These inflorescences probably originated 

from a mutation in wild populations and the plants on which they oc- 

curred were brought into cultivation. I have seen no collections from the 

wild of either H. macrophylla or H. paniculata with this type of inflores- 

cence; however, collections of such have been made in the eastern United 

States for H. arborescens. In H. aspera, as judged from a number of her- 

barium specimens, this condition occurs in the wild. The condition also 

occurs in H. Oerstedi, as has been observed in a single specimen (Linden 

1139). The development of sterile sepaloid flowers has taken place in 

Cardiandra, Platycrater, and Schizophragma, genera which are consid- 

ered to be related to Hydrangea. Superficially, the enlargement of the 

sepals in some species of Hydrangea gives these plants a resemblance to 

certain species of the unrelated genus, Viburnum. In Viburnum, however, 

it is the petals of the showy flowers which have become enlarged and sterile. 

The presence of sterile flowers has given rise to various speculations 

as to their function. Kerner von Marilaun (1902) suggested that in Hy- 

drangea quercifolia they are a means of protecting the pollen of the 

fertile flowers from rain. Their role in attracting insects to the inflores- 

cence has been considered. Plateau (1898) did not consider this to be 

of prime importance but felt that pollination of the fertile flowers would 

be accomplished regardless of the presence or absence of the sterile ones 
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because, first, in the case of the inflorescences having only a few sterile 

flowers the insects proceed directly to the fertile flowers, and second, 

inflorescences having mostly sterile flowers are seldom visited by insects. 

The peripheral sterile flowers ordinarily consist of only the enlarged 

calyx. However, in some of the garden forms of Hydrangea macrophylla 

in which the inflorescences consist almost entirely of sterile flowers, 

petals, stamens, and pistils may be present also. Such flowers are not 

sterile although they probably do not often set seed. Perriraz (1911) 

reported unsuccessful attempts to obtain seeds from such flowers. He 

further reported that plants of the garden form known as H. macrophylla 

Otaksa having infloresences composed ot enlarged showy flowers, changed 

the composition of their inflorescences over a period of years so that fewer 

showy flowers and more fertile ones are produced. 

The floral structure in Hydrangea is essentially the same throughout 

the genus. The two sections are separated on the basis of vegetative 

characters and habit; not a single floral structure can be found to sep- 

arate them. The half superior ovary present in some species of Hydrangea 

may be considered more primitive than the inferior ovary. However, 

the development of the inferior ovary is not associated with a single other 

advanced structure in those species in which it occurs. In addition to 

the inferior ovary present in some species, the reduced number of stamens 

(which are double the number of the petals) is also an advanced char- 

acter. The separate actinomorphie petals, numerous seeds, and the large 

spreading cymose inflorescences with numerous small flowers are primitive. 

This combination of characters, together with the uniform floral pattern 

throughout the genus, becomes somewhat more significant when consid- 

ered in relation to the method of pollination in Hydrangea. 

The Saxifragaceae as a family is placed by Grant (1949) in a group, 

designated as “Promiscuous Plants,” pollinated by miscellaneous insects. 

Grant made a survey of the taxonomic characters used to distinguish 

species in various families of angiosperms and he found a correlation 

between the importance of floral structures used in classification and 

method of pollination. Species pollinated by miscellaneous insects are 

less frequently found to have differences and trends in floral structures 

than are those pollinated by specific insects. The only observations avail- 

able regarding pollination in Hydrangea are those made by Robertson 

(1892) on H. arborescens. These showed that certain unspecialized mem- 

bers of the Hymenoptera, Diptera, Coleoptera, and Lepidoptera visited 

this species. Although similar observations are not available for other 

species in the genus, it may be assumed that since the floral structure 

and the characters of the inflorescence in H. arborescens follow the pat- 

tern for that of the genus, the same type of insect visitors would be pres- 

ent on other species. 
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The presence of the sterile peripheral flowers and numerous small 

flowers arranged in cymose inflorescences gives Hydrangea a superficial 

resemblance to certain species of Viburnum (Caprifoliaceae). In Vibur- 

num, however, there are several advanced characters not present in 

Hydrangea: the corolla is united, the stamens are reduced to the same 

number as the parts of the corolla, and the ovules are reduced to one in 

each carpel. The presence of these characters places Viburnum in a family 

considered unrelated to the Saxifragaceae and shows a beginning in the 

direction of specialization in both floral structure and methods of pollina- 

tion found in the more highly developed genera of the family. Robertson’s 

(1898) observations on insect visitors to Viburnum pubescens Pursh and 

V. prunfolium L. showed much the same aggregation of miscellaneous 

insects as he had observed on Hydrangea arborescens. Therefore, in spite 

of the presence of the several advanced characters just mentioned for 

Viburnum, this genus would be classed with the group of Promiscuous 

Plants to which Hydrangea and other saxifragaceous plants belong. An- 

other group of plants which have numerous small flowers aggregated into 

a dense inflorescence is the Umbelliferae which has an inferior ovary and 

reduced number of stamens and seeds, but (as Hydrangea) separate actino- 

morphie petals. Undoubtedly, dense inflorescences made up of numerous 

small flowers serve as a landing place for various unspecialized insects 

which effect pollination through their movements. This is a device found 

to be successful in several unrelated families of angiosperms and one not 

associated with diversified or specialized floral structures. 

Natural hybrids in Hydrangea are rare. The only report known to the 

writer of the occurrence of such a hybrid is that made by Makino (1932). 

He described a plant, growing on Izu Peninsula, Honshu Island, Japan, 

which he considered to represent a hybrid between H. hirta and H. scan- 

dens. These two very closely related species differ chiefly in the shape and 

margin of their leaves. An illustration of the reputed hybrid showed 

leaves more or less intermediate between the two putative parent species 

(Hiyama, 1934). 

Hybrids have been reported in cultivation but crosses must be difficult 

to effect since the reports have been few. Haworth-Booth (1950) lists 

the following: 

1. A hybrid between Hydrangea macrophylla var. rosea and H. pan- 

iculata, reported by Monsieur L. Foueard, horticulturist in Orleans, France, 

in 1912. The plant was pictured in Revue Horticole (1912, p. 324) and 

showed corymbose (not paniculate) inflorescences consisting entirely of 

sterile flowers. 

2. A hybrid between Hydrangea macrophylla var. rosea and H. petio- 

laris, called H. & hortentiolaris, was made by Monsieur Henri Cayeux of 

Le Havre, France. 
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According to Haworth-Booth, both of these plants were lost before 

they became established in the horticultural trade. 

Sax (1931) reported chromosome counts for several species in the see- 

tion Hydrangea. Hydrangea arborescens, H. radiata, H. cinerea, H. petio- 

laris, H. paniculata, and H. xanthoneura all had a diploid number of 36, 

with the exception of 72 in a horticultural form of H. paniculata. Sugiura 

(1931) reported a haploid count of 18 for H. virens, and Haworth-Booth 

(1950) reported counts made of various garden forms of H. macrophylla 

by Dr. Janaki Ammal which also showed a diploid count of 36. So far 

as known, no counts have been made of species in the section Cornidia. 

GEOGRAPHIC DISTRIBUTION 

The occurrence of Hydrangea in eastern Asia and eastern North Amer- 

ica places it in that group of genera which indicate a relationship between 

the floras of these two regions. The problem of this disjunct distribution 

has recently been discussed and reviewed by Li (1952). Li lists two groups 

of genera which are especially confined to eastern Asia and eastern North 

America, those which are distributed in temperate regions in both areas, 

and those distributed in the temperate regions and also in the tropical 

(or subtropical) regions in one or both areas. Hydrangea falls into the 

latter group, since both in Asia and America there are species found in 

temperate and subtropical regions. Map 1 shows the distribution of 

the genus. 

The section Hydrangea occurs in the temperate regions of eastern 

Asia and eastern North America. Its greatest development is in eastern 

Asia where nine of its eleven species are found. In this area it extends 

from the Himalayas eastward across central and southern China to Sak- 

halin, Japan, the Ryukyu Islands, the Philippine Islands, Formosa, Su- 

matra, and Java. The center of this large area (with reference to 

Hydrangea) is western and central China, where six of the nine species 

occur. This region includes Kweichow, Yunnan, Szechuan, and parts of 

Kwangsi, Hunan, and Hupeh, and within it are the Yanetze Valley and 

the high mountains of southwestern China. The vegetation characteristic 

of the middle elevations of this region is a deciduous mesophytie forest 

known to be the richest of all present day temperate floras. The richness 

of this flora may be attributed to the topography and mild climatic condi- 

tions of the region and also to the lack of extensive Pleistocene glaciation. 

The occurrence of Hydrangea within this area follows the distributional 

pattern of many of the genera which are disjunct between eastern Asia 

and eastern North America. 

Li (1952) pointed out that in eastern Asia the distribution of species 

in these disjunct genera is often widespread. Such genera occur in the 

same regions where the widespread species of Hydrangea are found. The 
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extension of some genera into the warmer subtropical areas such as the 

mountains of the Philippines, Sumatra, and Java is not uncommon, but 

these islands may be considered to represent peripheral areas in the dis- 

tribution of these genera. In discussing the relationship between the 

floras of Formosa and southwestern and central China, Wilson (1920) 

stated that the climate of Formosa is warm temperate, but that in the 

mountains such cool temperate genera as Fagus, Ulmus, Carpinus, Alnus, 

and Malus reach their southern limits. Merrill (1934) pointed out that 

certain southern Asiatic species make a jump to the higher altitudes of 

Sumatra, Java, Borneo, and the Philippines but do not occur in the Malay 

Peninsula. 

Hydrangea, as many genera of the eastern Asiatic—eastern North Amer- 

ican relationship is found in Japan. Some species of Hydrangea found 

in Japan are widespread in China, while others are confined to Japan or 

to Japan and such adjacent areas as Formosa, Korea, and the Ryukyu 

Islands. The relationship of the flora of Japan to that of central and 

western China has been discussed by Hu (1940) who attributes this 

relationship in part to the fact that Japan was connected to the Asiatic 

mainland up to the middle of the Tertiary period. 

The two species of Hydrangea found in North America occur in the 

deciduous mesophytie forest of the eastern United States. Both appear 

to be centered in the southern Appalachian Mountains. The Appalachian 

area, being an upland plateau and not glaciated, is known to have been 

continuously available for plant life since long before the beginning of 

the Tertiary period. It represents an area of refuge for the eastern 

Asiatic—eastern North American disjunct genera which were more wide- 

spread during the Tertiary period than they are now. Cain (1943) has 

pointed out the Tertiary affinity of many of the genera of the cove hard- 

wood forests of the southern Appalachians. 

In contrast to the temperate occurrence of the species belonging to 

the section Hydrangea, those of the section Cornidia are found in the 

subtropical regions of Central and South America, where twelve species 

extend from Guatemala through Costa Rica and Panama and into the Andes 

of South America. A single restricted species occurs in the Sierra Madre 

in Durango, Mexico. All of the species of Cornidia in this region occur 
in the mountainous areas where temperatures are moderate and where 

there are mists or frequent rains. This subtropical element of Hydrangea 

differs from the temperate element in its thick coriaceaus evergreen leaves 

and generally climbing habit. The species of Cornidia are not confined 

to the New World; a single species, Hydrangea integrifolia, occurs in the 

mountains of the Philippines and Formosa. 

The present day disjunct distribution of the temperate mesophytic 

forests of eastern Asia and eastern North America can be better under- 
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stood by a knowledge of the past distribution of a similar forest which 

was composed of many of the same woody genera. Fossil records indi- 

eate that a deciduous mesophytie forest extending as far north as Man- 

ehuria, Greenland, and Alaska existed during the early and middle parts 

of the Tertiary period over a considerable portion of the northern hemi- 

sphere. This forest belongs to the so-called Arcto-Tertiary flora. 

The northwestern part of North America has provided a fairly com- 

plete chronological record of the history of the Areto-Tertiary flora in 

this region. The changes in the composition of this flora have been out- 

lined by Chaney (1940) on the basis of a series of fossil floras. The vari- 

ous fossil floras from Eocene through Miocene times in western North 

America show that there were for any period of time latitudinal and alti- 

tudinal variations in composition of the vegetation, but that as the climate 

changed from warm and wet in the earlier part of the Tertiary to cool 

and dry in the later part, the vegetation changed also. The climatic 

trend toward lower temperature and precipitation resulted in the elimi- 

nation of an evergreen neotropical flora, which existed as far north as 

Oregon, by the end of the Oligocene, and in the southward migration of 

a temperate deciduous flora of higher northern latitudes to replace it. 

By early Miocene times the redwood and broad-leaved, deciduous trees 

were dominant in Oregon. The Bridge Creek flora of the John Day Basin, 

late Oligocene or early Miocene, contains (Chaney, 1944) redwoods and 

broad-leaved deciduous trees characteristic of a wet summer climate. 

Other Miocene floras of the same age were of similar composition. How- 

ever, during the Miocene, the Cascades were uplifted and with the changes 

in topography and climate, the redwoods and broad-leaved trees began 

to disappear. The Maseal flora of later Miocene showed that trees such 

as black and live oaks, box elders, madrono, syeamores, and poplars began 

to replace the trees requiring more moisture. By the Pliocene, redwoods 

and other moisture requiring trees had nearly disappeared. Hydrangea, 

which belonged to this mesophytie element, is not reported after the 

Miocene in western North America. 

LaMotte (1952) lists six fossil species of Hydrangea from Eocene, 

Oligocene, and Miocene deposits in southern Alaska, Washington, Oregon, 

California, Idaho, and Colorado. These species and their places of col- 

lection are as follows: 

H. alaskana Hollick. Paleocene or Eocene. Jaw Mountain, Alaska Pen- 

insula, Alaska. 

H. californica MacGinitie. Eocene. Ione Gravels: Chalk Bluffs, Nevada. 

County, California. 

H. russellii Chaney & Sanborn. Eocene-Oligocene. Fisher: Goshen, 

Lane County, Oregon. 

H. fraxinifolia (Lesquereux) Brown. Oligocene. Florissant, Colorado. 
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H. reticulata MacGinitie. Oligocene. Weaverville, Hay Fork, Trinity 

County, California. 

H. bendiret (Ward) Knowlton. Miocene. Maseall: Grant County, Ore- 

gon. Latah: Spokane, Washington. Whitebird, Idaho. Trout Creek, 

Harney County, Oregon. 

Hydrangea is thus seen to be a member of several fossil floras in west- 

ern North America from early to middle Tertiary (see Map 1). Its typi- 

cal occurrence was in the temperate mesophytic forest characteristic of the 

Arcto-Tertiary flora; however, it is known also from one of the warm 

humid neotropical floras present in the Pacific Northwest during early 

Tertiary times. Its presence in the Goshen flora indicates that the sub- 

tropical element of the genus, occurring now in Central and South Amer- 

ica, may have had a northward extension in the Pacific Northwest. As 

this neotropical flora died out and was replaced by temperate floras, the 

subtropical element of Hydrangea was also lost in the area. 

These records of Hydrangea in the Tertiary floras of the west consti- 

tute the only fossil records of this genus in North America. In eastern 

North America, Tertiary fossil plants are known only from the south- 

eastern Gulf Coast. Although Hydrangea occurs today in the eastern 

United States, it is not found in any of these deposits. 

In China, Hydrangea is reported from the Miocene Shanwang flora 

in Shantung Province by Hu and Chaney (1940), who show that the ma- 

jority of Shanwang genera are wide ranging in China today and that 

this fossil flora includes elements which now characterize the forests of 

eentral and south China and the Yangtze Valley. Many of these are 

temperate northern genera, and although they are found today in middle 

and upper levels in the mountains, they are rare or absent from lower 

altitudes in these areas. The Shanwang flora is the only record of Mio- 

cene vegetation in China. As in western North America, Hydrangea is 

not found in China in deposits later than the Miocene. Pliocene floras 

of the northern interior of China lack the mesophytic elements present 

in the Shanwang flora. Hu and Chaney also showed that the modern 

forests of Korea and Japan were very similar to the Miocene vegetation 

of northern China, but that Pliocene floras from Japan are not different 

from central Japanese forests of today. 

THE SPECIES IN CULTIVATION 

Hydrangeas were cultivated in China and Japan long before their 

introduction into Europe and America, and many of our garden forms 

eame from the Orient. There is no way of knowing how long these forms 

had been grown by the Chinese and Japanese; we merely know that many 

Europeans, including Thunberg, Siebold, Fortune, and Maximowicz, found 
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these plants as well established horticultural subjects in China and Japan 

before they sent them to Europe. As with other horticultural plants hav- 

ing forms which are the result of many generations of selection, their origin 

is lost in obscurity. A discussion of the origin of the cultivated forms 

of Hydrangea macrophylla is given under that species. Haworth-Booth 

(1950) has discussed the horticultural aspects of the genus in his recent book, 

The Hydrangeas. Since Haworth-Booth has covered the subject adequately, 

the present discussion of Hydrangea as a garden plant will only list the 

species cultivated, together with some of the synonyms by which they 

are often known. Complete synonymy is given under each of the species 

mentioned. 

1. Hydrangea macrophylla. Of the species listed, this one has always 

been the most popular because of its versatility, both as a garden plant 

and as a florists’ plant. Hydrangea macrophylla subsp. macrophylla var. 

macrophylla (H. Hortensia, H. hortensis, H. opuloides, Hortensia opu- 

loides). This is the form to which belong the many globose-headed plants 

with all sterile flowers called hortensias. Hydrangea macrophylla subsp. 

macrophylla var. normalis is the form to which belong the plants with a 

few sterile flowers surrounding a cluster of fertile flowers. Haworth-Booth 

calls these lacecaps. Hydrangea macrophylla subsp. serrata (H. serrata) 

is said to be in cultivation, but it is so similar to subsp. macrophylla that 

it is very difficult to recognize garden forms as actually belonging to this 

subspecies. 

2. Hydrangea arborescens subsp. arborescens. A form of this sub- 

species with all sterile flowers, called H. arborescens grandiflora, is often 

cultivated. Subspp. discolor (H. cinerea) and radiata (H. radiata) are oe- 

easionally cultivated. 

3. Hydrangea quercifolia. 

4. Hydrangea paniculata. A form of this species with all sterile flowers, 

known as H. paniculata grandiflora, is called the ‘“‘peegee” hydrangea. 

5. Hydrangea heteromalla (H. xanthoneura, H. Bretschneideri, H. 

vestita). 

6. Hydrangea anomala subsp. petiolaris (H. petiolaris, H. scandens). 

This plant is often erroneously called Schizophragma hydrangeoides, a 

quite different Asiatic climber. 

7. Hydrangea involucrata. A form of this species with inflorescences 

consisting of all sterile flowers has been cultivated in Japan. It appar- 

ently has not been introduced into the United States. 

8. Hydrangea aspera subsp. aspera (H. villosa). H. aspera subsp. 

strigosa (H. strigosa, H. aspera var. macrophylla). H. aspera subsp. ro- 

busta (H. longipes). H. aspera subsp. Sargentiana (H. Sargentiana). 

9. Hydrangea serratifolia (H. integerrima). The only species of the 

section Cornidia to be cultivated. 
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SYSTEMATIC TREATMENT 

Hydrangea Linnaeus, Genera Plantarum 189. 1754. 
Hortensia Commerson ex Jussieu, Genera Plantarum, 214. 1789. 

Cornidia Ruiz & Pavon, Florae Peruvianae et Chilensis Prodromus, 53, t. 35. 1794. 

Sarcostyles Presl ex Seringe in DeCandolle, Prodromus, 4:15. 1830. 

Much branched shrubs, erect, or scandent and clinging by means of 

aerial rootlets; deciduous or evergreen; inflorescences, young branchlets, 

and leaves variously pubescent; leaves opposite, simple, chartaceous or 

leathery, penninerved, margins entire, denticulate, or serrate, rarely pin- 

nately lobed; inflorescences usually terminal, occasionally axillary, on 

current year’s wood, consisting of compound, much branched clusters, 

rounded or pyramidal in shape, made up of complicated, dendritically 

branched systems, the ultimate members of which bear a single flower 

or small clusters of two to seven flowers; flowers fertile or sterile; fertile 

flowers small, perfect, usually very numerous, comprising the main body 

of the inflorescence; calyx tubes adnate to ovary, forming the hypan- 

thium, apices flat or conical; sepals 4 or 5, inconspicuous, deltoid; petals 

4 or 5, ovate or spatulate, valvate, deciduous during anthesis, falling 

separately or rarely together as a cap; stamens 8 or 10, rarely as many 

as 20, filaments usually as long as petals or longer, filiform, anthers oblong 

to somewhat rounded; ovary inferior or half superior, 2 to 4, rarely 5 

locular, styles 2 to 4, rarely 5, separate when ovary is inferior, united 

at their bases on top of conical apical disk of the hypanthium when 

ovary is half superior, stigmas terminal to more or less decurrent on 

inner surface of styles; ovules numerous, borne on axile placentas; cap- 

sules hemispherical or turbinate, dehiscent at apex between the styles; 

seeds numerous, small, linear or elliptic, sometimes caudate, rarely cir- 

cular with a wing surrounding body of seed; sterile flowers consisting 

of 3 to 5 enlarged petaloid sepals, usually lacking other flower parts, 

conspicuous, few in number, arranged on the periphery of the inflores- 

cences, or in some cultivated forms numerous and comprising the entire 

inflorescence. 

The generic name, Hydrangea, is derived from two Greek roots, hydor, 

meaning water, and angeion, diminutive of angos, meaning vessel or con- 

tainer, in allusion to the shape of the mature capsules. 

GEOGRAPHICAL DISTRIBUTION: eastern Asia, from the Himalayas east- 

ward to central and southern China, Sakhalin, Japan, the Ryukyu Islands, 

Formosa, the Philippine Islands, Sumatra, and Java; eastern North 

America; mountains of Central America southward into the Andes of 

South America. 

TYPE SPECIES: Hydrangea arborescens Linnaeus. 
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KEY TO THE SECTIONS, SUBSECTIONS, AND SPECIES 

la. Plants deciduous, erect or scandent, unopened inflorescence not enveloped by 

broadly ovate floral bracts (except in H. involucrata). 

Section Hydrangea 

2a. Ovary inferior in both anthesis and fruit, capsules truncate at apex, styles 

separate to their bases. 

3a. Seeds with rounded wing surrounding body of seed, petals falling to- 

gether as a cap or calyptra; plants scandent, clinging by means of aerial 

rootlets. 

Subsection Calyptranthe 

6. H. anomala 

3b. Seeds without rounded wing, petals falling separately, plants erect. 

4a. Seeds caudate. (Plants of China and Japan.) 

Subsection Asperae 

5a. Leaves pinnately lobed. 3. H. sikokiana 

5b. Leaves not lobed. 

6a. Bracts broadly ovate to rounded, few, enveloping the un- 

opened inflorescence, leaving noticeable scars on falling; 

capsules pubescent. 4. H. involucrata 

6b. Bracts lanceolate, numerous, scattered through the inflo- 

rescence, covering but not enveloping the unopened in- 

florescence; capsules glabrous. 5. H. aspera 

4b. Seeds not caudate. (Plants of the southeastern United States.) 

Subsection Americanae 

7a. Inflorescence a flat-topped cluster; leaves not lobed. 

1. H. arborescens 

7b. Inflorescence a pyramidal cluster; leaves pinnately lobed. 

2. H. quercifolia 

2b. Ovary half superior in both anthesis and fruit; capsules conical at their 

apices. 

8a. Seeds caudate; petals truncate at their bases; styles in fruit shorter 

than conical disk of capsule. Subsection Heteromallae 

9a. Inflorescence a pyramidal cluster, calyx lobes 0.5-1 mm. long. 

9. H. paniculata 

9b. Inflorescence a flat-topped cluster, calyx lobes 0.8-3 mm. long. 

10. H. heteromalla 

8b. Seeds not caudate; styles in fruit longer than conical disk of capsule; 

petals clawed at their bases. Subsection Petalanthe 

10a. Inflorescences consisting entirely of fertile flowers, stamens 2 to 3 

times as long as styles, leaves with serrations 3-8 mm. deep. 

7. H. hirta 

10b. Inflorescences consisting of both fertile and sterile flowers; sta- 

mens same length as styles to as much as two times their length, 

leaves entire or with serrations less than 3 mm. deep. 

8. H. scandens 

2c. Ovary inferior in anthesis, becoming half superior in fruit; capsules conical 

at their apices. Subsection Macrophyllae 

11. H. macrophylla 

1b. Plants evergreen, shrubs or lianes clinging by aerial rootlets; leaves leathery; 

floral bracts broadly ovate, few, enveloping the unopened inflorescence, leaving 
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noticeable scars on falling. (Plants of Mexico, Central and South America, and 

one species in the Philippine Islands and Formosa. ) Section Cornidia 

lla. Inflorescence consisting of a single, terminal, flat-topped or rounded 

cluster; flowers pink or white; steriie flowers present or absent. 

Subsection Monosegia 

12a. Calyx lobes and petals 4 or 5. 

13a. Leaves oval, broadest near middle; sterile flowers present; 

calyx lobes broadly deltoid, less than 0.5 mm. long. 

14a. Branchlets of inflorescence glabrous. (Plants of the Sierra 

Madre Occidental in the state of Durango, Mexico.) 

12. H. Seemannii 

14b. Branchlets of inflorescence pubescent with stellate hairs 

borne on short epidermal papillae. (Plants of Philippine 

Islands and Formosa.) 14. H. integrifolia 

13b. Leaves obovate, broadest above middle; sterile flowers not 

present; calyx lobes deltoid to semi-orbicular, 1-2 mm. long. 

(Plants of Guatemala. ) 19. H. Steyermarkii 

12b. Calyx lobes and petals 4. (Plants of Central and South America, 

from Costa Rica southward into the Andes.) 

15a. Flowers white; leaves generally 5-14 cm. long, 3—5.5 em. wide; 

branchlets and inflorescence and lower leaf surface ferruginous 

tomentose with stellate hairs, which may be partly deciduous 

with age. 13. H. asterolasia 

15b. Flowers pink; leaves generally 10-25 em. long, 4-15 em. wide; 

branchlets and inflorescence pubescent with single or stellate 

hairs, hairs 0.1—0.5 mm. long. 

16a. Styles usually 3; sterile flowers absent. 18. H. Preslii 

e®16b. Styles usually 2; sterile flowers usually present. 

17a. Styles during anthesis 0.3-1 mm. long and without 

evident stigmatic papillae; stamens 2—4.5 mm. long. 

15. H. Oerstedii 

17b. Styles during anthesis 1-2 mm. long and with evi- 

dent stigmatic papillae; stamens 0.4-3 mm. long. 

18a. Stamens 0.4-1.6 mm. long, shorter than or rarely 

as long as styles; styles always separate. 

16. H. peruviana 

18b. Stamens 1.5-3 mm. long, longer than styles; styles 

usually coherent in bud and early anthesis, sepa- 

rating later. 17. H. diplostemona 

11b. Inflorescences consisting of a series of rounded clusters, one above 

another; flowers white; sterile flowers always absent. (Plants of the 

Andes of South America. ) Subsection Polysegia 

19a. Styles coherent in bud and occasionally during anthesis. 

21. H. tarapotensis 

19b. Styles always separate. 

20a. Stamens 1-1.5 mm. long, not more than one and one-half times 

as long as styles. 22. H. Jelskii 

20b. Stamens 3-7 mm. long, three to six times as long as styles. 

21a. Inflorescence and lower leaf surface densely ferruginous 

pubescent with stellate hairs. (Plants of northern Peru.) 

23. H. Mathewsii 
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21b. Inflorescence and lower leaf surface glabrous or lightly 

pubescent with stellate or simple hairs. (Plants of central 

Chile and adjacent Argentina. ) 20. H. serratifolia 

Section I. HYDRANGEA 

Hydrangea, sect. Huhydrangea Maximowicz, Mémoires, Académie imperiale des 

Sciences de St. Pétersbourg, ser. 7, 10(16):6 (Revisio Hydrangearum Asiae 

Orientalis), 1867. 

Hydrangea, subgen. Hortensiella Koehne, Deutsche Dendrologie, 187, 1893. In part. 

Hydrangea, subgen. Euhydrangea (Maximowicz) Schneider, Handbuch der Laub- 

holzkunde, 1:384, 1905. 

Deciduous shrubs, usually erect, rarely scandent and clinging by aerial 

rootlets; leaves membranaceous or chartaceous; bracts lanceolate, scattered 

throughout inflorescence (except in Hydrangea involucrata), bracts ocea- 

sionally absent; stamens usually 10; ovary inferior or half superior; 

capsule truncate or conical at apex; seeds elliptic to oval, sometimes caudate. 

TYPE SPECIES: Hydrangea arborescens Linnaeus. 

The repetition of the generic name for the section containing the type 

species is in accordance with a rule adopted by the Nomenclature See- 

tion of the International Botanical Congress held in Paris in 1954 (Stafleu, 

1954). 

Subsection 1. AMERICANAE 

Hydrangea, sect. Huhydrangea, subsect. Americanae (Maximowicz) Engler, in 

Engler & Prantl, Natiirlichen Pflanzenfamilien, 3, 2a:204, 1930. As Group, 

Rehder, Manual Cultivated Trees and Shrubs, p. 291, 1927; as Series, Rehder, 

Manual Cultivated Trees and Shrubs, ed. 2, p. 286, 1940. 

Hydrangea, sect. 1, Euhydrangea, ser. 1. Petalanthe, Americanae Maximowicz, 

Mémoires Académie imperiale des Sciences de St. Pétersbourg, ser. 7, 10(16): 6 

(Revisio Hydrangearum Asiae Orientalis), 1867. 

Flowers white; ovary inferior; capsules truncate at apex; seeds not 

caudate. North American species. 

TYPE SPECIES: Hydrangea arborescens Linnaeus. 

1. Hydrangea arborescens Linnaeus, Species Plantarum, 937. 1753. 

Much-branched shrub, 1 to 3 m. tall; deciduous; young branchlets and 

inflorescence strigose pubescent, or puberulent; leaves ovate, elliptic- 

ovate, or broadly ovate, acute or acuminate at apex, rounded, subcordate, 

or cuneate at base, broadest near center or toward base, margins serrate, 

6-16 em. long, 2.5-12 em. wide, their length usually 1.5 to 2.5 times their 

width, lower surface glabrous or nearly so, or pilose or tomentose, upper 

surface glabrous, or with occasional scattered hairs; inflorescence a 

rounded, compound, much-branched cluster, 5-10 em. wide; fertile flowers 

white, very numerous; hypanthium 0.8-1 mm. long; calyx lobes 5, deltoid, 
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0.5 mm. long; petals 5, oblong, 2 mm. long, falling separately; stamens 10, 

1.5-4 mm. long, the 5 longer ones about twice as long as the shorter ones; 

ovary inferior; styles 2, or rarely 3, 1 mm. long; capsule 2—-2.5 mm. long, 

2-3 mm. wide at apex, somewhat conical at apex, styles 1.2-1.5 mm. long, 

ribs of capsule 8 or 9, conspicuous; seeds elliptical, blunt at ends, 0.5—0.8 

mm. long, 0.4-0.6 mm. wide, prominently striate; sterile flowers white, 

sometimes absent, usually 4-lobed, occasionally 3-lobed, lobes ovate or 

orbicular, 8-15 mm. in diameter. (See plate 4, figure 1.) 

DIsTRIBUTION: Eastern United States from southern New York south- 

ward to the southern Appalachian Mountains, westward to the Ozarkian 

Plateaus. (See map 2.) 

Key TO THE SUBSPECIES OF HyDRANGEA ARBORESCENS 

1. Lower leaf surface green, glabrous or nearly so, with hairs, when present, only 

along the midrib and secondary veins; sterile flowers usually not present. 

a. subsp. arborescens 

1. Lower leaf surface white or gray, variously pubescent; sterile flowers present or 

absent. 

2. Lower leaf surface gray, velutinous, pilose, or tomentose, hairs usually not dense 

enough to be matted; hairs when examined under magnification of about 50 

diameters are seen to be conspicuously roughened by numerous tubercles. 

b. subsp. discolor 

2. Lower leaf surface usually white or silvery, rarely gray, with felt-like indumen- 

tum, hairs densely matted; hairs when examined under magnification of about 

50 diameters are seen to be smooth or with only a few scattered tubercles. 

c. subsp. radiata 

la. Hydrangea arborescens Linnaeus subsp. arborescens. 

Hydrangea arborescens Linnaeus, Species Plantarum, 937. 1753. 

Hydrangea vulgaris Michaux, Flora Boreali-Americana, 1:268. 1803. A specimen 

under this name, without locality or other data, in the Michaux Herbarium 

of the Natural History Museum, Paris, may be the type. 

Hydrangea arborescens var. vulgaris (Michaux) Seringe in DeCandolle, Prodromus, 

4:14. 1830. 

Hydrangea arborescens var. kanawhana Millspaugh, Preliminary Catalogue of the 

Flora of West Virginia, 363. 1892. Type from West Virginia, Millspaugh 291 

(WVA). 

Hydrangea arborescens var. australis Harbison, American Midland Naturalist, 

11:255. 1928. Type from Union Springs, Alabama, Harbison June 18, 1902. 

(Biltmore Herb. No. 1339i, US.) 

(Note: A number of additional synonyms, listed by Rehder in the Bibliography 

of Cultivated Trees and Shrubs, pp. 199-200 (1949) under Hydrangea arborescens, 

are not included here. These could not be verified; in some cases, the names were 

based on cultivated plants and the type specimens were not designated; in other 

cases, the type specimens could not be located.) 

Lower leaf surface glabrous or nearly so, with hairs, when present, 

along midrib; individual hairs conspicuously tubercular, 0.3-1 mm. long, 

10-25 microns wide; sterile flowers often not present. 
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TYPE LOCALITY: Virginia. Type collection: ‘““Dr. Clayton, ex Ameriea, 

An. 1734 num. 79” (BM); 

ILLUSTRATIONS : 

The Botanical Magazine, vol. 13, table 437. 1799. 

Gleason, H. A. Illustrated Flora of the Northeastern United States and 

Adjacent Canada, 2: 275. 1952. 

New Flora and Silva, 4: figure 79, 1932 (habit); 9: figure 34, 1937 

(habit), both as Hydrangea arborescens grandiflora. 

DISTRIBUTION: Southern New York southward through the Appa- 

lachian Mountains to the coastal plain of central Alabama, westward to 

the Ozarkian Plateaus. ALABAMA: Bullock, Cullman, DeKalb, Etowah, 

Hale, Henry, Lee, Madison, Montgomery, St. Clair, Tuscaloosa, and Win- 

ston counties. ARKANSAS: Baxter, Benton, Clay, Carroll, Craighead, Craw- 

ford, Faulkner, Independence, Logan, Marion, Perry, Pike, Polk, Pope, 

Saline, Washington, and Yell counties. Disrricr of COLUMBIA. GEORGIA: 

Bartow, Catoosa, Clarke, Clay, Cobb, DeKalb, Fannin, Floyd, Fulton, 

Gilmer, Gordon, Gwinnet, Habersham, Hall, Hancock, Lumpkin, Madison, 

Pickens, Rabun, Rockdale, Stephens, Towns, and White counties. ILLINOIS: 

Champaign, Jackson, Johnson, Madison, Randolph, Richland, Shelby, and 

Union counties. InpIana: Cass, Clinton, Crawford, Floyd, Harrison, 

Howard, Huntington, Jefferson, Knox, Lawrence, Marion, Martin, Mon- 

roe, Morgan, Ohio, Orange, Owen, Parke, Perry, Putnam, Ripley, Scott, 

Vermillion, and Warren counties. Kentucky: Allen, Anderson, Bath, 

Bell, Boyd, Boyle, Breathitt, Carter, Casey, Christian, Daviess, Edmon- 

son, Estill, Fayette, Greenup, Grayson, Hancock, Harlan, Jefferson, 

Jessamine, Johnson, Letcher, Lyon, Madison, McCreary, Ohio, Pike, 

Union, Warren, and Wolfe counties. LourstANa: West Feliciana Parish. 

Maryann: Allegany, Cecil, Frederick, Harford, Howard, Montgomery, 

and Prince Georges counties. Mississtppt: Tishomingo and Wayne counties. 

Missouri: Barry, Butler, Callaway, Christian, Crawford, Dent, Dunklin, 

Franklin, Gasconade, Greene, Hickory, Howell, Iron, Jefferson, MeDon- 

ald, Miller, Newton, Oregon, Ozark, Pulaski, Ripley, St. Charles, St. 

Genevieve, Shannon, Stoddard, Stone, Taney, Wayne, Webster, and 

Wright counties. New Jersey: Burlington, Mercer, and Warren counties. 

New York: Chemung, Steuben, and Tioga counties. NORTH CAROLINA: 

Alexander, Alleghany, Ashe, Avery, Buncombe, Cherokee, Craven, Cum- 

berland, Durham, Forsyth, Graham, Haywood, Jackson, Iredell, Macon, 

Madison, Montgomery, Orange, Polk, Rockingham, Stanley, Stokes, Surry, 

Swain, Transylvania, Wake, Watauga, Wilkes, Yadkin, and Yancey coun- 

ties. Onto: Adams, Belmont, Butler, Columbiana, Fairfield, Green, Ham- 

ilton, Jefferson, Lawrence, Meigs, Pike, Ross, and Scioto counties. OKLA- 

HoMA: Cherokee, Delaware, Johnston, Leflore, and McCurtain counties. 
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PENNSYLVANIA: Allegheny, Blair, Bradford, Bucks, Butler, Cameron, 

Centre, Chester, Clearfield, Elk, Fayette, Franklin, Fulton, Laneaster, 

Lehigh, Luzerne, Lycoming, Mifflin, Monroe, Montgomery, Northampton, 

Perry, Philadelphia, Schuylkill, Snyder, Sullivan, and Westmorland coun- 

ties. SoUTH CAROLINA: Oconee County. TENNESSEE: Bedford, Blount, 

Campbell, Carter, Cheatham, Cocke, Coffee, Cumberland, Davidson, Fen- 

tress, Franklin, Grainger, Hamilton, Knox, Pickett, Rhea, Sevier, Shelby, 

Sullivan, Unicoi, and Washington counties. Vircinta: Arlington, Au- 

gusta, Bedford, Botetourt, Carroll, Fairfax, Fauquier, Giles, Green, Greens- 

ville, Isle of Wight, James City, Loudoun, Louisa, Madison, Mecklenburg, 

Montgomery, Middlesex, Page, Patrick, Rappahannock, Roanoke, Rock- 

bridge, Rockingham, Scott, Shenandoah, Smyth, Southampton, Surry and 

York counties. West VirGINIA: Barbour, Boone, Braxton, Cabell, Cal- 

houn, Doddridge, Fayette, Grant, Greenbrier, Hampshire, Harrison, Jef- 

ferson, Kanawha, Marion, Marshall, Mercer, Mineral, Monongalia, Mon- 

roe, Morgan, Nicholas, Ohio, Pendleton, Preston, Raleigh, Randolph, 

Ritchie, Summers, Taylor, Tucker, Tyler, Upshur, Wayne, Webster, 

Wetzel, and Wood counties. 

lb. Hydrangea arborescens subsp. discolor (Seringe) 

MeClintock, Journal Arnold Arboretum, 37: 373. 1956}. 

Hydrangea arborescens var. discolor Seringe in DeCandolle, Prodromus, 4:14. 1830. 

Hydrangea arborescens var. Deamii St. John, Rhodora, 23:208. 1921. Type from 

Jackson County, Indiana, Deam 28122 (isotype A). 

Hydrangea arborescens var. Deamii f. acarpa St. John, 1. c. Type from Montier, 

Shannon County, Missouri. Bush 6116 (holotype GH, isotypes MO, US). 

Hydrangea Ashei Harbison, American Midland Naturalist, 11:256. 1928. Type ma- 

terial said to be from Montgomery County, Arkansas, collected by Ashe, but no 

actual specimen was cited. Placed here because the leaves were described as 

being pubescent. 

Hydrangea cinerea Small, Bulletin Torrey Botanical Club, 25:148. 1898. In part. 

Small cited five syntypes. Of these Lamson-Scribner, June 29, 1890 (NY, US), 

and Kearney, July 16, 1894 (US, NY, MO), both collected at White Cliff Springs, 

Tennessee, and Small, August 7-12, 1895 (A, BH), Ringgold, Catoosa County, 

Georgia, are subsp. discolor. 

Lower leaf surface velutinous, pilose, or tomentose, usually grayish; 

individual hairs conspicuously tubercular, 0.83-1 mm. long, 10-25 microns 

wide; sterile ray flowers present or absent. 

Type collection of Hydrangea arborescens var. discolor: A cultivated 

specimen collected by Seringe in 1824 (G). 

1 Herbarium specimens belonging to this taxon were annotated before the writer had seen the 

specimen typifying Seringe’s varietal epithet. Because there was some doubt as to the proper appli- 

cation of this name previous to this time a combination based on St. John’s var. Deamii was used to 

annotate the specimens studied earlier. 
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DISTRIBUTION: Occurring with subsp. arborescens except in the north- 

eastern part of the range of that subspecies. ALABAMA: Bibb, Calhoun, 

Clay, De Kalb, Jackson, Jefferson, Lauderdale, Madison, Marshall, and Tus- 

ealoosa counties. ARKANSAS: Baxter, Benton, Carroll, Cleburne, Crawford, 

Cross, Garland, Hot Springs, Newton, Pulaski, Phillips, Poinsett, Pope, 

St. Francis, Stone, Van Buren and White counties. GEORGIA: Catoosa, 

Cobb, Dade, Walker and Whitfield counties. ILLINoIs: Calhoun, Cham- 

paign, Jackson, Jersey, Johnson, Peoria, Pope, St. Clair, Vermillion, and 

Williamson counties. INpIANA: Bartholomew, Brown, Gibson, Jackson, 

Knox, Morgan, Monroe, Perry, Posey, and Tippecanoe counties. KEN- 

TucKY: Livingston and Union counties. Missourr: Cape Girardeau, Car- 

ter, Dallas, Jefferson, Madison, Newton, Oregon, Ozark, Phelps, Pike, Reyn- 

olds, Ripley, St. Genevieve, St. Louis, Scott, Shannon, Stoddard and Wash- 

ington counties. OKLAHOMA: Leflore County. TENNESSEE: Blount, Carroll, 

Davidson, Decatur, Franklin, Grundy, Hamilton, Marion, Monroe, Obion, 

Polk, Roane and Van Buren counties. 

le. Hydrangea arborescens subsp. radiata (Walter) McClintock, Jour- 

nal Arnold Arboretum, 37: 373. 1956. 

Hydrangea radiata Walter, Flora Caroliniana, 251. 1788. 

Hydrangea nivea Michaux, Flora Boreali-Americana, 1:268. 1803. A specimen under 

this name, without locality or other data, in the Michaux Herbarium, Natural 

History Museum, Paris, is doubtless the type. 

Hydrangea nivea Michaux var. conformis Seringe in DeCandolle, Prodromus, 4:14. 

1830. 

Hydrangea cinerea Small, Bulletin Torrey Botanical Club, 25:148. 1898. In part. 

Small cited five syntypes. Of these Curtiss 833 (June, 1882) (MO, US, GH, UC, 

BM, W, G, K), Chilhowee Mountains, Blount County, Tennessee, and Kearney, 

June 24, 1893 (NY), Chilhowee Gap, Blount County, Tennessee, are H. arbo- 

rescens subsp. radiata. 

Lower leaf surface covered with a conspicuous white felt-like indu- 

mentum, occasionally a grayish tomentum; individual hairs either smooth 

(without any tubercules), 1-3 mm. long, 5-10 microns wide, or with a few 

scattered tubercules, 1-3 mm. long, 5-20 microns wide; sterile flowers 

usually present. 

Type Locauity of Hydrangea radiata: “Carolina.” Type collection: 

Walter s.n. (BM). 

DISTRIBUTION: Occurring with the other two subspecies in the southern 

section of the Blue Ridge Mountains, extending to the piedmont area in 

the vicinity of the Seneea River in the northwestern corner of South 

Carolina. 

Plants with indumentum composed of smooth hairs: GEorGIA: Rabun 

County. NortH Carotina: Buncombe, Graham, Henderson, Jackson, 
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Macon, Madison, Polk, Swain, and Transylvania counties. SoutH Caro- 

LINA: Anderson, Greenville, Oconee, and Pickens counties. TENNESSEE: 

Blount County. 

Plants with indumentum composed of inconspicuously tubercular hairs: 

NortH CarouiIna: Buncombe, Henderson, Macon, Polk, Swain, and Tran- 

sylvania counties. TENNESSEE: Blount County. 

VARIATION IN Hydrangea arborescens 

Variation in Hydrangea arborescens involves the kind and amount of 

vesture on the lower leaf surface, the presence or absence of sterile per- 

ipheral flowers, and the size and shape of the leaves. The flower parts show 

no variation. 

The vesture characters of the lower leaf surface have been used to 

divide the species into subspecies as follows: 

1. Lower leaf surface glabrous or nearly so, with only a few scattered 

hairs along the midrib (plate 1, figure 1). Subsp. arborescens. 

2. Lower leaf surface pubescent with erect or spreading, straight, 

rather firm hairs which vary in amount from sparsely seattered to dense 

enough to cover the surface and form a gray tomentum (plate 1, figures 

2 and 3; plate 2, figure 3). The hairs are covered with numerous tuber- 

cules, giving them a roughened appearance (plate 3, figure 4), and are 

0.5-1 mm. long and 10-25 microns wide. These hairs are found in subsp. 

discolor. The few hairs along the midveins of subsp. arborescens have also 

these same dimensions and markings. 

3. Lower leaf surface with intertwined fine woolly hairs, usually 

very dense and forming a white, or rarely gray, felt-like indumentum 

(plate 1, figure 4). The hairs have a smooth surface (plate 3, figure 1) and 

are 1-3 mm. long and 5-10 microns wide. Subsp. radiata. 

4. Lower leaf surface with indumentum resembling that of 3 above, 

except for its gray color (plate 2, figure 2) and with hairs which differ 

in having a few scattered tubercules (plate 3, figures 2 and 3). The hairs 

are 1-3 mm. long and 5—20 microns wide. These hairs appear more like 

the hairs of subsp. radiata and therefore the individuals having them 

are included in this subspecies. 

The geographical distribution of the three subspecies is given on Map 2. 

It is seen from this map that subsp. arborescens is the most widespread 

of the three; that subsp. discolor occurs in the western and southeastern, 

but not in the northeastern part of the range of subsp. arborescens; and 

that subsp. radiata occurs only in the southeastern part of ranges of the 

other subspecies, which is the southern Appalachian Mountains. The dis- 

tribution of the three subspecies in the southern Appalachians is shown 

on Map 3. In this area occur the two forms of subsp. radiata, the one 

having smooth hairs and the other having hairs with seattered tubercules. 
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Here also occur individuals of subsp. discolor having both “sparse” and 

“dense” pubescence, as well as subsp. arborescens. 

Sterile flowers are present in the inflorescences of some individuals 

and absent in others. There is evidence to show from herbarium specimens 

that their presence is associated in part with type of pubescence and in 

part with geographic range. Of 231 individuals of subsp. arborescens 

in the eastern part of its range, from Virginia to South Carolina, 65, or 

27 per cent, had sterile flowers, while in the western part of its range, 

from Tennessee and Kentucky to Missouri and Arkansas, of 243 indi- 

viduals, 167, or 69 per cent, had sterile flowers. In the western part of 

the range of subsp. discolor (Missouri, Arkansas, Indiana, Illinois, and 

Ohio), of 87 individuals, 14, or 17 per cent had sterile flowers, but in the 

eastern part of its range, Georgia, Alabama, and Tennessee, where the 

pubescence is “sparse” to “dense,” of 39 individuals, 36, or 92 per cent, 

had sterile flowers. In subsp. radiata, 50 individuals of the form having 

smooth hairs were examined, and 49, nearly 100 per cent, had sterile 

flowers, and of the form having a few tubereules on its hairs, 9 out of 19, 

or 47 per cent, had sterile flowers. 

Since all of the subspecies are found in the southern Appalachian 

Mountains, and often more than one have been found by different collectors 

at, or near, the same locality, it seemed of interest to determine whether 

more than one subspecies occur together, and if so, whether the form of 

subsp. radiata with seattered tubercules on its hairs would be found. In 

the summer of 1948, the writer visited this region and collected Hydrangea 

material in about 50 localities. It was found that for the most part the 

plants were uniform at a given locality. In only two localities were there 

more than one subspecies. In Madison County, North Carolina, about 

414 miles west of Walnut Gap, there were typical plants of both subsp. 

arborescens and subsp. radiata. The other locality was in the Pisgah Na- 

tional Forest, near White Pine Annex Campground, Transylvania County, 

North Carolina. The three subspecies were in this locality along with 

several atypical individuals. No. 48-59B (see plate 2, figure 2) was like 

the one previously referred to subsp. radiata. There were several other 

individuals (Nos. 48-61B, 48-59A, see plate 2, figure 1, and No. 48-60, 

see plate 1, figure 5) in which the hairs were short (0.5-1 mm.) and had 

Map 2. Distribution in the eastern United States of 

oO Hydrangea quercifolia 

Hydrangea arborescens 

@ subsp. arborescens 

A subsp. discolor 

W@ subsp. radiata 
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numerous tubercules as in subsp. discolor, but their width was less (5-20 

microns) than is typical for this subspecies. Another individual, No. 

48-61C, placed in subsp. arborescens because of being nearly glabrous, 

had a few scattered hairs along the veins which were like those of the 

individuals of subsp. discolor just described. 

A search for similar atypical individuals in other localities in the 

Pisgah Forest area was not successful. It would appear that such indi- 

viduals are rare. Dunean (Castanea 15: 153, 1950) reported finding 

subspp. arborescens and radiata growing together in Rabun County, Geor- 

gia, but he found no “intermediates” in a large number of plants in- 

spected. Perhaps if the localities where those individuals of subsp. 

radiata having ineonspicuously tubereulate hairs have been found were 

searched, other intermediates would turn up. However, it would appear 

that intermediates are not common and those few which have appeared 

have not caused the character of the populations to change. 

2. Hydrangea quercifolia Bartram, Travels, xviii, nom., 382, t. 6, deser., 

408, nom. 1791; ed. 2, xii, 380, t. 6, 406, 1792.2 Species Plantarum, 

ed. 4, C. L. Willdenow, 2: 634. 17993. 

Hydrangea radiata Smith, Icones Pictae Plantarum rariorum, t. 12. 1791. Non 

Walter, 1788. 

Stout erect shrub, much branched from base, 1-2 m. tall; young 

branchlets and petioles densely tomentose with long, fine, reddish hairs; 

branches of inflorescence pilose with short, coarse hairs; leaves suborbicular 

or oval in outline, 8-25 em. long, mostly 5-lobed, the lobes coarsely serrate, 

petioles one-eighth to one-third as long as blades; upper leaf surface gla- 

2 According to Merrill (Bartonia, 23:10-35, 1945), the citation of H. quercifolia given in Index 

Kewensis isnot correct. The citation here is Merrill’s correction. 

3 Because of the doubt which is attached to Bartram’s Travels as a legitimate place to begin nomen- 

clature, Willdenow’s publication may be considered to be the earliest valid one for this name. See 

Merrill, 7. c. pp. 17 and 27. 

Map 3. Distribution in the southern Appalachian Mountains 

of Hydrangea arborescens 

@ subsp. arborescens 

subsp. discolor 

A Sparsely pubescent 

@ tomentose 

subsp. radiata 

H@ indumentum white and hairs smooth 

* indumentum gray and hairs inconspicuously 

tubercular 
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brous; lower leaf surface pilose or tomentose with two kinds of hairs— 

short, coarse, tubercular ones, and longer, fine, smooth ones which form 

an intertwining network; inflorescence a compound, much branched cluster, 

pyramidal in shape, 15-25 em. long; fertile flowers white, very numer- 

ous; hypanthium 1-1.5 mm. long; calyx lobes 5, deltoid, 0.5-0.8 mm. long; 

petals oblong, acute, concave, 2—-2.5 mm. long; stamens 10, 3-6 mm. long; 

styles 2, 3, or 4, 1-1.4 mm. long, somewhat thickened toward apex; cap- 

sules 1.5-2.5 mm. long, 2-2.5 mm. wide at apex, apex truncate, ribs 7 or 

8, inconspicuous; styles 1.2-1.5 mm. long; seeds elliptical, 0.7-0.8 mm. 

long, 0.3-0.4 mm. wide, prominently striate, blunt at each end; sterile 

flowers present, usually a single one terminating each lateral branch of 

the inflorescence, four-lobed, lobes orbicular, 10-15 mm. in diameter. (See 

plate 4, figure 2.) 

TYPE LOCALITY: GrorGIA: Crawford County, Sweet Water Brook —= 

Knoxville Branch (see Merrill, Bartonia 23:27, 1945). TyPE COLLECTION: 

W. Bartram s. n. (holotype BM). 

ILLUSTRATIONS : 

Curtis’s Botanical Magazine, table 975, 1806. 

New Flora & Silva 4: fig. 80. 1932 (habit). 

Gleason, H. A. 1952. Illustrated Flora of the Northeastern United 

States and Adjacent Canada, 2: 275. 

DISTRIBUTION: Southeastern United States, on the piedmont and coastal 

plain of western Georgia, Alabama, and Mississippi. (See Map 2.) 

AvAaBAMA: Blount, Calhoun, Clarke, Coneeuh, Cullman, Dallas, DeKalb, 

Etowah, Franklin, Jackson, Jefferson, Marshall, Shelby, St. Clair, Tallapoosa, 

Tuscaloosa, and Winston counties. FLoripA: Calhoun, Gadsden, Jackson 

PLATE 1. Vesture types in Hydrangea arborescens. 

Figure 1. Subsp. arborescens. Lower leaf surface glabrous except for few scat- 

tered hairs along veins. (from McClintock 48-44) 

Figure 2. Subsp. discolor. Lower leaf surface sparsely pubescent. (from Pal- 

mer 12640) 

Figure 3. Subsp. discolor. Lower leaf surface with slightly more hairs than 

in figure 2. (from Deam 2248) 

Figure 4. Subsp. radiata. Lower leaf surface covered with white felt-like indu- 

mentum. (from McClintock 48-53) 

Figure 5. Subsp. discolor. Lower leaf surface moderately pubescent with hairs 

finer than those in figure 3. (from McClintock 48-60) 

The photographs in this plate and in Plate 2 were taken by Richard Johnson. 

Magnification in all figures on both plates is 19x. 
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and Liberty counties. Grorcta: Bibb, Chattahooche, Clarke, Clay, Craw- 

ford, Dade, Decatur, Early, Floyd, Harris, Heard, Merriwether, Polk, 

Randolph, Stewart, Talbot, Taylor, and Upson counties. Louistana: East 

Feliciana and West Feliciana parishes. Mississippi: Adams, Attala, Copia, 

Grenada, Hinds, Holmes, Itawamba, Tallahatchie, Tishomingo, and War- 

ren counties. TENNESSEE: Lincoln, Marion, and Shelby counties. 

Discussion: Hydrangea quercifolia is remarkably uniform throughout 

its range. It is characterized by its pyramidal inflorescence and its lobed 

leaves, by which characters it is distinguished from H. arborescens. In 

geographic distribution these two species differ, although they overlap in 

part in the southern part of the range of H. arborescens. Hydrangea 

quercifolia is found chiefly in the area of the piedmont and coastal plain 

of western Georgia, Alabama, and Mississippi. Hydrangea arborescens 

subsp. arborescens and subsp. discolor occur infrequently in this area. 

Subsection 2. ASPERAE 

Hydrangea, sect. Euhydrangea Maximowicz, subsect. Asperae Rehder, Plantae Wil- 

sonianae, 1:39. 1911. 

Hydrangea, sect. Euhydrangea Maximowicz, subsect. Piptopetalae Maximowicz, 

Mémoires Académie imperiale des Sciences de St. Pétersbourg, ser. 7, 10(16):8 

(Revisio Hydrangearum Asiae Orientalis), 1867. In part. 

Hydrangea, subgenus Euhydrangea, sect. Japonico-sinensis, subsect. Piptopetalae 

Schneider, Handbuch der Laubholzkunde, 388, 1905. In part. 

Flowers white or blue; ovary inferior; capsule truncate at apex; styles 

free to their bases; seeds caudate. Chinese and Japanese species. 

Type species: Hydrangea aspera Don. 

PLATE 2. Vesture types in Hydrangea arborescens and Hydrangea aspera. 

Figure 1. Hydrangea arborescens subsp. discolor. Lower leaf surface moderately 

pubescent with hairs somewhat finer, longer and more dense than those on Plate 1, 

figure 5. (from McClintock 48-59A) 

Figure 2. Hydrangea arborescens subsp. radiata. Lower leaf surface covered 

with gray indumentum, hairs not as dense as in Plate 1, figure 4, and having scat- 

tered tubercules. (from McClintock 48—-59B) 

Figure 3. Hydrangea arborescens subsp. discolor. Lower leaf surface gray to- 

mentose. (from McClintock 48-82.) 

Figure 4. Hydrangea aspera subsp. strigosa. Hairs straight, appressed along 

raised veins. (from Fang 15568) 

Figure 5. Hydrangea aspera subsp. aspera. Hairs tending to be erect and 

spreading. (from Fang 19721) 
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3. Hydrangea sikokiana Maximowicz, Bulletin scientifique Académie im- 

périale des Sciences de St. Pétersbourg, 31:42. 1887. 

Shrub, 1-2 m. tall; branchlets, inflorescence and pedicels pubescent with 

upwardly appressed hairs 0.5-1 mm. long; leaves pinnately lobed with 4 

to 6 lobes, 8-21 em. long, 8-20 em. wide, lower surface pubescent along 

veins and veinlets with hairs 1-1.5 mm. long, upper surface with seat- 

tered hairs along veins; petioles 2-18 em. long, pubescent; inflorescence a 

flat-topped, compound, several-branched cluster, 12-30 em. across; bracts 

few, scattered through inflorescence, lanceolate to ovate, 10-30 mm. long, 

pubescent as leaves; fertile flowers purplish; hypanthium 1—1.6 mm. long; 

ealyx lobes 5, broadly deltoid, 0.5 mm. long; petals 5, 2-4 mm. long, 1.5— 

2 mm. wide, truncate at base; stamens 10, rarely 8 or 9, 3.5-5.5 mm. long; 

styles 2, 1-1.5 mm. long; ovary inferior; capsule 2-3 mm. long, styles 1.5-2 

mm. long; seeds elliptical, 1 mm. long, tapering at each end into minute 

tail-like extensions; sterile flowers always present, purplish, 4-lobed, lobes 

rounded, 1-3 em. in diameter. (See plate 5, figure 1.) 

TYPE LOCALITY: Japan, Honshu Island, Kii Province (now Wakayama 

and Mie prefectures). Type collection: Tanaka. Specimen not seen by 

the writer. 

DISTRIBUTION: Woods and mixed forests on Honshu and Kyushu 

islands in Japan, from 100 to 1,000 meters. (See Map 4.) JAPAN. HonsHu 

IsuaNp: Nara Prefecture: Tonomine, Mt. Odaigahara. Wakayama Pre- 

fecture: Mt. Koya. Kyusuu Isuanp: Oita Prefecture: Bungo. Kagoshima 

Prefecture: Mt. Hirishima. Kumamoto Prefecture: Hitoyoschichi. 

Discussion: Hydrangea sikokiana is distinguished from H. mvo- 

lucrata, the only other closely related Japanese species, by its pinnately 

lobed leaves. The American species, H. quercifolia, and H. sikokvana are 

the only species in the genus which have lobed leaves. 

PLATE 3. 

Surface appearance of hairs from lower leat surfaces of Hydrangea arborescens. 

Figure 1. Smooth hairs of subsp. radiata. (from McClintock 48-27) 

Figure 2. Hairs with very few tubercules from subsp. radiata. (from Cor- 

rell 3717) 

Figure 3. Hairs with few tubercules from subsp. radiata. (from Davis 7683) 

Figure 4. Hairs with numerous, conspicuous tubercules from subsp. discolor. 

(from Palmer 35469) 

Drawings made with a camera lucida. Magnification 350. 
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4. Hydrangea involucrata Siebold, Nova Acta: Academia (caesarea) 

Leopoldino-Carolina, 14(2):691. 1829. 

Hydrangea longifolia Hayata, Journal, College of Science, Imperial University, 

Tokyo, 25(19):91. 1908. Type from Formosa, Kawakami & Nakahara 690, not 

seen, photo CAS. 

Shrub, 1-2 m. tall; branchlets, inflorescence and pedicels pubescent with 

upwardly appressed hairs 0.5 mm. long; leaves ovate, 10-26 em. long, 

5-17 em. wide, their length 1.5 to 2.5 times their width; both surfaces 

pubescent with appressed hairs; petiole 1.5-8 mm. long; inflorescence 

rounded, compound, many-branched; involucral bracts subtending the 

inflorescence, 1.5—2.5 em. long, broadly obovate, pubescent with upwardly 

appressed white hairs on outside, glabrous on inside, caducous, leaving 

a row of scars at base of inflorescence when falling; in addition, a few 

bracts, ovate or lanceolate in shape, are scattered through the inflorescence; 

fertile flowers lavender, hypanthium 1.2-1.5 mm. long; calyx lobes 5, 

deltoid, 0.2-0.6 mm. long; petals 5, 2-3 mm. long, truncate at base; stamens 

10, rarely 11 or 12, 3.5-6 mm. long; ovary inferior; styles 2 or 3, 1-2 mm. 

long; capsules 3-4 mm. long, pubescent, styles 2-2.5 mm. long; seeds 

elliptical, 0.8-1 mm. long, tapering at each end into minute tail-like 

extensions; sterile flowers always present, lavender, 4-lobed, lobes rounded, 

1-3 em. in diameter. (See plate 5, figure 5.) 

PLATE 4. Flowers and capsules of some American species of Hydrangea. 

Figure 1. Hydrangea arborescens. a. flower (without petals and some of sta- 

mens. Biltmore herb. 1339c). b. capsule (Biltmore herb. 8212d). 

Figure 2. Hydrangea quercifolia. a. flower. b. capsule. 

Figure 3. Hydrangea asterolasia. a. flower (Skutch 3342). b. capsule (A. Smith 

H470). 

Figure 4. Hydrangea peruviana. a. flower (Allen 534). b. capsule (Standley 

39080). 

Figure 5. Hydrangea Mathewsii. Flower (Mathews 3051). 

Figure 6. Hydrangea Preslii. a. flower (Weberbauer 6776). b. flower (Skutch 

2630). 

Figure 7. Hydrangea diplostemona. a. flower (Spruce 4328). b. young cap- 

sule (Spruce 4328). 

Figure 8. Hydrangea tarapotensis. a. flower (Smith 2627). b. young capsule 

(Lawrence 775). 

Figure 9. Hydrangea integrifolia. a. flower (Clemens June 1924). b. capsule 

(Wilson 9691). 

Figure 10. Hydrangea serratifolia. a. flower (Morton Dec. 3, 1906). b. capsule 

(Sargent Jan. 12, 1906). 
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TYPE LocALITty: Japan. Type collection: Collected in Japan by von 

Siebold. The specimens collected in Japan by von Siebold are in the 

Rijksherbarium in Leiden. Presumably the type of H. involucrata is there 

but the writer has not seen it. 

ILLUSTRATION: Siebold and Zucearini. Flora Japonica, plates 63 and 

64. 1839 or 1840. 

DistRIBUTION: Woods and mixed forests on Honshu Island in Japan, 

from near sea level to 1,500 meters, and on Formosa. JAPAN. HoNsHuU 

IsLAND: Chiba Prefecture: Owari, Kiyozumi-yama. Fukushima Prefee- 

ture: Mt. Haguro. Gifu Prefecture: Norikura, Washiga-take. Gumma Pre- 

fecture: Ikaho. Kanagawa Prefecture: Yokohama, Miyanoshita, Hakone 

Mts., Kamakura, Mt. Takao. Nagano Prefecture: Usui-toge, Mt. Izuna, 

Mt. Tsubakura, Kuramoto, Kiso near On-take-san, Asamayama. Shiga 

Prefecture: Shinano. Tochigi Prefecture: Nikko. Tokyo Prefecture: 

Tokyo, Mt. Takao, Hachijo. Yamanashi Prefecture: Motsuko. (See Map 4.) 

Discussion: Hydrangea involucrata bears a close resemblance to H. 

aspera in flower and fruit structures, and in the shape of the leaves. The 

two species may be distinguished by the tomentose capsules and the in- 

volueral bracts of H. involucrata. These bracts which envelop the un- 

opened inflorescence resemble those found in the section Cornidia. 

The distribution of Hydrangea involucrata as listed above includes 

localities from Japan only. The species, however, occurs in Formosa as 

indicated by a specimen collected by Kawakami and Nakahara at Taito 

on the southeast coast in January 1906. This specimen, the type of 

Hydrangea longifolia Hayata, was not seen by the writer. A photograph 

of the specimen shows the sears left by deciduous involucral bracts, the 

presence of which identifies it with H. amvolucrata. 

PLATE 5. Flowers and capsules of some Asiatic species of Hydrangea. 

Figure 1. Hydrangea sikokiana. a. flower (Sakurai August 16, 1909). b. cap- 

sule (Komeda E53). c. seed (Komeda E53). 

Figure 2. Hydrangea heteromalla. a. flower (Wilson 2184). b. capsule (Li 23). 

c. seed (Li 23). 

Figure 3. Hydrangea paniculata. a. flower (Chung & Sun 469). b. single petal. 

c. capsule (Canton Christian College herb. no. 8738). d. seed (as preceding). 

Figure 4. Hydrangea anomala. a. flower (Wilson 4901). b. united petals or 

calyptra (as preceding). c. capsule (Steward et al. 502). d. seed (as preceding). 

Figure 5. Hydrangea involucrata. a. flower (Dorsett & Morse 980). b. capsule 

(Suzuki December 31, 1948). c. seed (Suzuki December 31, 1948). 
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5. Hydrangea aspera D. Don, Prodromus Florae Nepalensis, 211. 1825. 

Shrub or small tree, 1-4 m. tall; branchlets and inflorescence pubescent 

with stiff and upwardly appressed or curling and erect hairs; leaves 

variable in shape, lanceolate to ovate, broadly ovate or deltoid, the lanceo- 

late or ovate ones cuneate or rounded at base, 5-35 em. long, 1.5-15 em. 

wide, their length 2.5 to 7 times their width, serrate or serrulate along 

margin, petioles 0.5-6.5 em. long, the broadly ovate or deltoid ones rounded 

or cordate at base, 10-25 em. long, 7-17 em. wide, serrate or doubly ser- 

rate along margin, petioles 4-21 em. long; vesture on lower leaf surface 

variable and similar to that of stem; inflorescence a flat-topped, many- 

branched cluster, 10-30 em. broad; bracts lanceolate, densely hairy on 

outer surface, glabrous on inner, caducous or remaining; fertile flowers 

white or blue, numerous, hypanthium 1—1.5 mm. long; sepals 5, 0.4-0.5 mm. 

long; petals 5, 2-2.5 mm. long, truncate at base, deciduous before stamens; 

stamens 10, 2-7 mm. long, usually alternately long and short; ovary com- 

pletely inferior; styles 2, 3 or 4, 0.5-1.5 mm. long; capsules 3-5 mm. long; 

seeds elliptical, 0.7-0.8 mm. long, 0.3-0.4 mm. wide, tapering at each end 

into minute tail-like extensions; sterile flowers always present, white, 

4-lobed, lobes 1-3.5 em. long, usually slightly longer than wide, with entire 

or fimbriate margins. (See plate 6, figure 6.) 

DistriIBuTION: In woods or thickets, eastern Himalaya Mountains from 

1,500 to 2,300 meters; western China from 700 to 4,000 meters; central and 

eastern China from 250 to 2,100 meters; Formosa, Sumatra and Java from 

1,000 to 2,500 meters. (See Map 4.) 

KEY TO THE SUBSPECIES OF HYDRANGEA ASPERA 

1. Stems, lower leaf surface, and petioles strigose or velutinous. 

2. Leaves lanceolate or narrowly ovate, their length usually two to five times as 

great as their width, rounded at base; petioles wsually 1-5 cm. long. 

3. Lower leaf surface strigose, hairs appressed, straight. b. subsp. strigosa 

Map 4. Distribution in eastern Asia of 

Hydrangea aspera 

HM subsp. strigosa 

A subsp. aspera (inset Sumatra and Java) 

Vv subsp. robusta 

* subsp. Sargentiana 

@ subspecies not determined 

A Hydrangea sikokiana 

o Hydrangea involucrata 
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3. Lower leaf surface velutinous, hairs erect, somewhat curled, occasionally 

long coarse pili along midvein, petiole and stem. a. subsp. aspera 

2. Leaves ovate or broadly ovate, usually less than two times as long as wide, 

base truncate or cordate; petioles wsually 5-17 cm. long. c. subsp. robusta 

1. Stem, lower leaf surface along midveins, and petioles velutinous, and in addi- 

tion, interspersed with conspicuous, fleshy trichomes, 2—5 mm. long, split at 

apex; leaves large, 15 cm. or more long, lower surface velutinous. 

d. subsp. Sargentiana 

5a. Hydrangea aspera D. Don subsp. aspera. 

Hydrangea aspera D. Don, Prodromus Florae Nepalensis, 211. 1825. 

Hydrangea oblongifolia Blume, Bijdragen tot de Flora van Nederlandsch Indié, 

920. 1826. Type from Java, Blume, s. n. (isotypes W-U, NY). 

Hydrangea vestita var. fimbriata Wallich, A Numerical List of Dried Specimens of 

Plants in the East India Company’s Museum, published in 1828. Name only. 

Type from Nepal, Wallich in 1821 (K—W, listed in Wallich’s Catalogue under 

No. 440). 

Hydrangea longipes Hemsley var. lanceolata Hemsley, Journal Linnaean Society 

Botany, 23:274. 1887. Type from Patung, Hupeh, Henry 1786. (K, according to 

Rehder in Plantae Wilsonianae 1:40, this is the type.) 

Hydrangea aspera var. strigosior Diels, Botanische Jahrbiticher, 29:375. 1900. Type 

from Szechuan, Bock & von Rosthorn 2546 (holotype O). 

Hydrangea Kawakamii Hayata, Journal, College of Science, Imperial University, 

Tokyo, 25(19):90. 1908. Type from Formosa, Kawakami & Mori 1875 (type not 

seen, photo CAS). 

Hydrangea aspera var. scabra Rehder, Plantae Wilsonianae, 1:31. 1911. Type from 

Kangting (Tatsienlu), Sikang, Wilson 4485 (holotype A). 

Hydrangea aspera var. velutina Rehder, 1. c. 30. Type from Wa-Shan, Szechuan, 

Wilson 2405 (holotype A, isotypes K, E). 

Hydrangea fulvescens Rehder, 1. c. 39. Type from Wushan, Szechuan, Wilson 1373 

(holotype A, isotypes EK, K, W). 

PLATE 6. Flowers and capsules of some Asiatic species of Hydrangea. 

Figure 1. Hydrangea hirta. a. flower (Wilson 6958). b. petal (as preceding). 

c. capsule (Wilson 7680). d. seed (as preceding). 

Figure 2. Hydrangea macrophylla subsp. serrata. a. flower (Henry M83). 

b. petal (as preceding). c. immature capsule (as preceding). d. mature capsule 

(Wilson 7621). e. seed (as preceding). 

Figure 3. Hydrangea macrophylla subsp. macrophylla, immature capsule (Su- 

zuki July 1917). 

Figure 4. Hydrangea scandens subsp. chinensis. a. flower (Tso 21020). b. petal 

(as preceding). c. capsule (Steward & Cheo 1003). 

Figure 5. Hydrangea scandens subsp. liukiuensis. a. flower (Beattie & Kuri- 

hara 10646). b. capsule (Wilson 7797). c. seed (as preceding). 

Figure 6. Hydrangea aspera. a. flower (Wilson 2401). b. capsule (Wilson 4337). 
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Hydrangea glabripes Rehder, I. c. 30. Type from Fang Hsien, Hupeh, Wilson 2391 

(holotype A, isotypes E, K, W). 

Hydrangea villosa Rehder, 1. c. 29. Type from Wenchuan Hsien, Szechuan, Wilson 

1227 (holotype A, isotypes E, K). 

Hydrangea Rehderiana C. K. Schneider, Handbuch der Laubholzkunde, 2:940. 1912. 

Type from Nanto, Hupeh, Wilson 1533 (holotype W, isotypes NY, K). 

Premna Merinoi Léveillé, Sertum Yunnanense, 3. 1916. Type from “brousses des 

montagnes a Siai-Ho, 2700 m.”, Yunnan, Maire May-July, 1912 (fragment of 

holotype A). 

Leaves lanceolate or narrowly ovate, their length usually two to five 

times as great as their width, rounded at base; petioles usually 1-5 em. 

long; lower leaf surface velutinous, hairs erect, or somewhat curled, oec- 

easionally long coarse pili along midvein, petiole and stem. (See plate 2, 

figure 5.) 

Type LocaLity of Hydrangea aspera: Narainhetty, Nepal. Type col- 

lection: Buchanan September 26, 1802 (holotype BM). 

ILLUSTRATIONS : 

H. H. Hu & W. Y. Chun, 1927. Icones Plantarum Sinicarum, fase. I, 

plate 28. 

New Flora and Silva 7: plate opposite p. 177. 1935, as H. villosa. 

B. Hayata, 1908. Flora Montana Formosae in Journal, College of Sei- 

ence, Imperial University, Tokyo 25(19), plate 8, as H. Kawakami 

Hayata. 

DISTRIBUTION: CHINA. ANHweI: Kimen, Wang Shan. CHEKIANG: 

T’ien-mu Shan, King Yuan, Suian, Yentang Shan, Taishun. Hunan: Anfu, 

Sinning, Changning, Sikwangshan district. HupeH: Changyang, Ch’ing 

young Hsien, Enshih Hsien, Fang Hsien, Hsing Shan Hsien, He-tan-kon, 

Ichang, Liang sung you, Peh Yang Tsai, Mo Yu Ping, Nanto, Paokang, 

Patung, Sui Yeh See, Siao-Ya-tze, Wushan, Wuchang. Krtanost: Kiu Chi 

Hsien, Yungshiu. Kwanest: Pai-yun-an, Ling-chwan district. KWANGTUNG: 

Lokchong district. KwrtcHow: Kweiting, Pi-tsieh-Hsien, Fan Ching Shan, 

Tsunyi Hsien, Tungtze. Sr1kaNnG: Lushan via Paohing (Mouping), Paohing, 

Yaan. SZECHUAN: Chung Hsien, Hsi-Chang between Huangnipu and Yaan, 

Huangnipu, Kwanhsien, Lungan, Nanchuan, Omei Shan, Opien, Wanhsien, 

Yun-ching Hsien. YUNNAN: Salwin Valley near Champutong, Io chan, Kiao 

me ti, Ku-long-tschang, Lanping, Lungling, Lu-se, Lichiang, Mengtsz, Po- 

shang, Pingpien, Shuang-chiang, west flank Shweli-Salwin divide, banks of 

Shweli River, Shunning, Shang pa, between Tengyueh and Lungling, Weisi, 

Wenshan. BURMA. Bhamo district near Sinlun Kaba, Kachin Hills. BHU- 

TAN. Tunbje Punakha. INDIA. West BENGAL: Darjeeling. SIKKIM: 

Rumbhi Jhora. TIBET. Tsarong, Ngawchang Valley. SUMATRA. Habin- 

saran, Seriboe, road from Siantar to Brastagi. FORMOSA. Arisan, Kiraiki. 
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5b. Hydrangea aspera D. Don subsp. strigosa (Rehder) McClintock, 

Journal Arnold Arboretum, 37: 373. 1956. 

Hydrangea strigosa Rehder, Plantae Wilsonianae, 1:31. 1911. 

Hydrangea aspera D. Don var. macrophylla Hemsley, Journal Linnaean Society, 

Botany, 23:273. 1887. Type from ‘“Nanto and mountains to the northward,” 

Hupeh, Henry s. n. (K). 

Hydrangea aspera D. Don var. angustifolia Hemsley, 1. c. 273. Type from Ichang, 

Hupeh, Henry s. n. (K). 

Hydrangea aspera D. Don var. typica Diels, Botanische Jahrbiicher, 29:375. 1900. 

Type from Nanchuan, Szechuan, Bock & von Rosthorn 299 (holotype O). 

Hydrangea aspera D. Don var. sinica Diels, l. c. 375. Type from Nanchuan, Szechuan, 

Bock & Rosthorn 629 (holotype O). 

Hydrangea Hemsleyana Diels var. lanceolata (Hemsley) Diels, J. c. 376. (Based on 

H. longipes Hemsley var. lanceolata Hemsley. ) 

Hydrangea aspera D. Don var. strigosior Diels, l. c. Type from Wei kuan, Szechuan, 

Bock & von Rosthorn 2546 (holotype O). 

Hydrangea villosa Rehder var. Mairei Léveillé, Catalogue des Plantes du Yunnan, 

254. 1917. Type from Kiao me ti, Yunnan, Maire July—October 1912 (isotype A). 

Hydrangea villosa Rehder forma sterilis Rehder, Journal Arnold Arborteum, 11:161. 

1930. Type from Changyang, Hupeh, Wilson 1473a (holotype A, isotypes K, EH, 

Wale 

Leaves lanceolate or narrowly ovate, their length usually two to five 

times as great as their width, rounded at base; petioles usually 1—5 em. 

long; lower leaf surface strigose, hairs appressed, straight. (See plate 2, 

figure 4.) 

Type Locatity of Hydrangea strigosa: Techang, Hupeh, China. Type 

collection: Wilson 765 (holotype A, isotypes K, US, E, W). 

ILLUSTRATIONS : 
New Flora and Silva, 9: figure 33, 1937 (habit), as Hydrangea strigosa 

var. macrophylla. 

Curtis’s Botanical Magazine, table 9324, 1933, as H. strigosa Rehder. 

DistripuTION: CHINA. Huprn: Changyang, Chienshih, Ichang, On 

tan tsian. Kwanost: Tzu Yuen district. KwricHow: Kweiting, Lao Shan, 

Luneli, Pichieh, Pin fa, Pi-tsieh-Hsien, Tating, Touchan. Srkana: Kang- 

ting, Lushan via Paohing (Mouping), Ta Kwan. SzecHuan: Chia-ting, 

Kwanhsien, Omei Shan, Opien, Tien-Tsian, Wa-Shan, Wenchwan Hsien, 

Weiknan. YuNNAN: Champutong, Chih-tse-lo, Chungtien on bank of 

Yangtze, Ku-long-tschang, Liang-shan, Lichiang, Long ky, Lon pon, Lou 

Lan, Ma chou, Menetsz, Paoshan, Pingpien, Sichour-hsien, Shang pa, Tao 

Shan between Chao and Hungai, Tengyueh, Tchen fong chan, Tsekou, Tsan 

Shan Range near head of Yangpi Valley, Tunghai, Weisi, between Yangpi 

and Yungchang-fu, mountains of Yangpi River drainage basin, Yaoan. 
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BURMA. Hpimaw. NEPAL. Barpak Village, Narainhetty, Thanjey. 

JAVA. West side of Jang Plateau at Besoeki, Dieng Plateau, Mt. Kendeng, 

Mt. Malabar, Preanger, Mt. Soembing, Tjibodas on Mt. Gedah. FOR- 

MOSA. Mt. Taihei, Mt. Nanko, Nai-taroko. 

5e. Hydrangea aspera Don subsp. robusta (Hooker f. & Thomson) Me- 

Clintock, Journal Arnold Arboretum, 37: 373. 1956. 

Hydrangea robusta Hooker f. & Thomson, Journal Linnaean Society of London, 

Botany, 2:76. 1858. 

Hydrangea robusta var. Griffithii C. B. Clarke in J. D. Hooker, Flora of British India, 

2:404. 1878. Type from “Eastern Bhotan,” Griffith 2495 (holotype K, isotype P). 

Hydrangea longipes Franchet, Nouvelles Archives, Muséum d’histoire naturelle, 

Paris, ser. 2, 8:228 (Plantae Davidianae, 2:45). 1885. Type from Paohing 

(Moupin), Sikang, David in 1869 (holotype P, isotypes P). 

Hydrangea longipes, Hemsley, Journal Linnaean Society of London, Botany, 23:273. 

1887. Type from Hupeh, Henry s. n. (K). 

Hydrangea Rosthornii Diels in Engler’s Botanische Jahrbiicher ftir Systematik, 

29:375. 1901. Type from Nanchuan, Szechuan, Bock & von Rosthorn 471 (isotype 

W). 

Hydrangea Hemsleyana Diels, 1. c. 376, based on Hydrangea longipes Hemsley, not 

Franchet. 

Hydrangea aspera var. longipes (Franchet) Diels, 1. c. 374, based on Hydrangea 

longipes Franchet. 

Hydrangea Mavrimowiczii Léveillé, Bulletin Académie international de Géographie 

Botanique, 12:114. 1903. Syntypes from Kweichow, Martin & Bodinier 1654 (H, 

P), and Cavalerie 22 (FE). 

Leaves ovate or broadly ovate, usually less than two times as long as 

wide, base truncate or cordate; petioles usually 5-17 em. long; lower leaf 

surface strigose, hairs appressed, straight. 

Type LocaLity of Hydrangea robusta: Sikkim. Type collection: J. D. 

Hooker s.n. (holotype K, isotypes K, NY, BM, C, G, P, W, 8S). 

ILLUSTRATIONS : 

H. H. Hu and W. Y. Chun, Icones Plantarum Sinicarum, fase. III, 

plate 140, as Hydrangea longipes Rehder, plate 141, as Hydrangea Ros- 

thorn Diels. 

DistripuTION: CHINA. Honan: Lushih, Sunghsien. Hunan: Anfu. 

Hureu: Changlo Hsien, Changyang, Chienshih, Hsing Shan Hsien, Hiang 

sung you, Ichang, Nanto, Paokang, Patung, Wan Tsao Chan. Kansv: 

Lower Tebbu country between Hera Sambaku & Dayaya gorge, Wantsang. 

Kwanest: Chuen Yuen, Kweilin district, Sankiang Hsien. KWEICHOWw: 

Lao Shan, Tunyun. SuHanst: Locality not stated. SHenst: Mt. Kin-quan- 

san, Tai-pei-shan. Skane: Kangting, Paohing, Wu Ya Ling. SzecHUAN: 
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Hungya, Nanchuan, Omei Shan, Opien, Wa-shan, Wenchwan Hsien, Weik- 

nan. YUNNAN: Kiukiang Valley (Taron), Long ky, Shang pa, Tchen fong 

ehan. BURMA. Bhamo. BHUTAN. Mirichoma Timpu, Trashiyangsi. 

INDIA. Urtar PrapescH: Garhwal. West BenGAauL: Darjeeling. SIKKIM: 

Khursiang, Rhikisun, Sureil. TIBET. Yigrong Valley. FORMOSA. Ari- 

san, Ariko-Banti. 

5d. Hydrangea aspera Don subsp. Sargentiana (Rehder) McClintock, 

Journal Arnold Arboretum, 37: 373. 1956. 

Hydrangea Sargentiana Rehder, Plantae Wilsonianae, 1:29. 1911. 

Stem, lower leaf surface along midveins, and petioles velutinous, and 

in addition, interspersed with conspicuous, fleshy trichomes, 2-5 mm. 

long, split at apex; leaves broadly ovate, 15 em. or more long. 

Type Locauity: Hsing Shan Hsien, Hupeh Province, China. Type 
dpa?) 

collection: Wilson 772 (holotype A). 

ILLUSTRATIONS: 

H. H. Hu & W. Y. Chun, 1933. Icones Plantarum Sinicarum, fase. ITI, 

plate 138. 

New Flora and Silva, 12: figure 39, 1940 (habit), and 9: figure 32, 

1937 (habit). 

Curtis’s Botanical Magazine, table 8447. 1912. 

DistRIBUTION: CHINA. Hupen: Hsing Shan Hsien, Wan Tsao Chan. 

Discussion oF Hydrangea aspera 

Hydrangea aspera is a wide-ranging species, occurring from the eastern 

Himalayas across western and south-central China and on the islands of 

Formosa, Sumatra, and Java. It varies throughout this range in size and 

shape of the leaves and in the pubescence of the lower leaf surface. Most 

of the names listed in the synonymy were based on such variants. 

The leaves vary in shape from lanceolate to ovate, often broadly ovate; 

their bases are cuneate, rounded or truneate, or occasionally cordate. In 

actual size they vary in length from 8 em. to as much as 30 em. The petiole 

leneth varies also, and is often associated with leaf shape. Thus a broadly 

ovate leaf usually has a longer petiole than one which is lanceolate. The 

pubescence may be strigose with straight hairs which are appressed and 

arranged along the veins and veinlets more or less at right angles to them 

in a regular fashion, or arranged along the veins somewhat irregularly, 

or the pubescence may be velutinous with curled erect hairs. Although 

various combinations of leaf shape and vesture occur, most individuals 

fall into the following categories: 1, leaves lanceolate or ovate, and 2, 



196 CALIFORNIA ACADEMY OF SCIENCES [ Proc. 4TH SER. 

leaves ovate; often broadly so. In the first of these categories, the pubes- 

cence may be either strigose, referred here to subsp. strigosa, or velutinous, 

referred here to subsp. aspera. In the second category, the pubescence 

is mostly strigose and appressed, referred here to subsp. robusta. Most 

of the herbarium material examined can be referred to these three taxa, 

but there are some specimens which clearly are intermediate. A fourth 

group, subsp. Sargentiana, has large, broadly ovate leaves, but its chief 

distinguishing character is the presence of conspicuous, more or less turgid 

trichomes on the stem, petioles, and lower leaf surface along the midvein. 

Don stated in his deseription of Hydrangea aspera that this species 

was based on a collection made by “Hamilton” at Narainhetty, Nepal. In 

the British Museum (Natural History) there is a specimen from the Lam- 

bert Herbarium collected by “Dr. Buchanan” at Narainhetty, September 

26, 1802. It may be considered to be the type of H. aspera. 

Stapf in discussing the variation of Hydrangea strigosa Rehder (Cur- 

tis’s Botanical Magazine, 156: tab. 9324, 1933) referred to the relation 

of this taxon to H. aspera Don, stating that the two may be given specific 

rank or be treated as minor groups within H. aspera sensu lato (1. 

H. aspera protonyma and H. aspera strigosa). Stapf clearly stated that 

he recognized the first alternative. Since Stapf did not accept the cate- 

gory referred to by the name H. aspera strigosa, his publication of this 

combination is not valid according to Article 43 of the International Rules 

which states that a name is not valid which is not accepted by the author 

who published it. 

Subsection 3. CALYPTRANTHAE 

Hydrangea, sect. Hydrangea, subsect. Calyptranthe (Maximowicz) McClintock, 

Journal Arnold Arborteum, 37:373. 1956. 

Hydrangea, sect. Calyptranthe Maximowicz, Mémoires Académie imperiale des 

Sciences de St. Pétersbourg, ser. 7, 10(16):6 (Revisio Hydrangearum Asiae 

Orientalis), 1867. Schneider, Handbuch der Laubholzkunde, 1:384, 1905, as 

subgenus. 

Flowers white; petals cohering at apex and falling together as a cap 

or calyptra; stamens 10, 15 or 20; ovary inferior; capsule truncate at 

apex; styles free to their bases; seeds with a rounded wing surrounding 

body of seed. Only one species, Hydrangea anomala D. Don, widespread 

in eastern Asia. 

6. Hydrangea anomala D. Don, Prodromus Florae Nepalensis, 211. 1825. 

Woody climber; branchlets and inflorescence sparsely pubescent with 

upwardly spreading hairs, 0.5 mm. long; leaves ovate, cuneate, truncate, 

or cordate at base, acute or acuminate at apex, 6-15 em. long, 3.5-10.5 em. 

wide, their length 1.5 to 2 times their width, glabrous except for scattered 
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hairs or clumps of hairs along midvein on lower surface; inflorescence a 

flat-topped, several-branched cluster; involucral bracts lanceolate or ovate- 

lanceolate, membranous; fertile flowers white; hypanthium 1.5-2 mm. long; 

calyx lobes 5, 0.5-0.9 mm. long; petals 5, 2-3 mm. long, remaining at- 

tached and falling as a cap before the stamens elongate, cap apiculate or 

rounded at apex; stamens 9-20, 3-5 mm. long, 3 to 4 times as long as 

styles; ovary inferior; styles 2 or 3, 1-1.3 mm. long; capsule glabrous, 

2.5-4.5 mm. long, styles 1-3 mm. long; seeds 1.5-2 mm. long, 1-1.5 mm. 

wide, nearly round, winged all around; sterile flowers usually present, 

white, sepals rounded, 1-2 em. in diameter. (See plate 5, figure 4.) 

DISTRIBUTION: Woods and mixed forests in Japan from sea level to 

2,000 meters, on Honshu, Kyushu and Hokkaido islands; in Korea on 

Dagelet and Quelpaert Islands; in the eastern Himalaya Mountains of 

northern India, from 1,200 to 2,500 meters, and in west central to east. 

central China, from 600 to 3,800 meters. (See Map 5.) 

Kry TO THE SUBSPECIES 

IPS EA TIVE TSS OY UO milli. eet ree a oe a on ee ee eee cee subsp. anomala 

lee Stamens a5) to 20) 2 ee SF dre Oa ee a subsp. petiolaris 

6a. Hydrangea anomala D. Don subsp. anomala. 

Hydrangea anomala D. Don, Prodromus Florae Nepalensis, 211. 1825. 

Hydrangea altissima Wallich, Tentamen Florae Napalensis, 2: t. 50. 1826. Type from 

Nepal, Wallich Catalogue No. 439/1. 

Stamens 9 to 15. 

ILLUSTRATIONS: 

N. Wallich, Tentamen Florae Napalensis, 2: t. 50, 1826. As Hydrangea 

altissima. 

H. H. Hu & W. Y. Chun, Icones Plantarum Sinicarum, fase. III, 

plate 142. 1933. 

DISTRIBUTION: Eastern Himalayas and western and central China. 

CHINA. ANuHwer: Hwang Shan. CuHEKkiane: Tihtai Shan; Kingyuan. 

Hunan: Yun Shan near Wukang. Hupen: Hsin Tien-tsze; Paokang; 

Iehang; Hingshan; Patung. Kwanest: Ling Wan district; Lucheng; Shan 

Chuen to Tzeyuan district. KwericHow: Fan Ching Shan; Shihtsien 

district. SzecHUAN: Omei Shan; Nanechwan; Kwanhsien; Wushan; O’Pien 

Hsien; Ma-pien Hsien; Wa-shan; Tchen-keou-tin. YUNNAN: Tali Range; 

Mt. Gitsa west of Mekong and north of Weisi; Yungshan; Weisi; Shang-pa; 

Kungshan (Chamutang, Champutong); Niangonang; Mingkwong Valley; 

Kani Pass, N. Maikha-Salween divide; Shweli-Salween divide; Ma Nung 
Mt. near Tali. INDIA. Assam: Talung Dzong, Balipara frontier. Urrar 
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PrapvesH: Dehra Dunn Dist., Deohan; Chakrata; Siwalik and Jaunsar divi- 

sions; Chekerli, Siwahk and Jaunsar divisions; Landour; Dhanolti; Garh- 

wal Dist., Tehri Dist. Sikkim: without definite locality. HmacHaL Pra- 

DESH: Chamba Dist.; Simla district. Punsasp: Chenab Valley on ascent to 

Pass Punjab; Kangra Dist.; Nagkanda; Dharmsala; Kulu; Jibhi; Bushire; 

Manali in Lahul subdivision; Kanugadh; Kumaun dist. Wrest BENGAL: 

Darjeeling. NEPAL. Doti; Montes Shandaghery, Sherpore; Sermore; 

Thare. TIBET-BURMA FRONTIER. Seinghku Wang; Adung Valley; 

Kangfang route. BHUTAN. Tilageng Punakha; Kandam Punakha; Shamb- 

lng, Kuru chu valley; Transmiyangse Dzone. 

6b. Hydrangea anomala D. Don subsp. petiolaris (Siebold & Zucearini) 

datas L956; ( 

Hydrangea petiolaris Siebold & Zuccarini, Flora Japonica, 1:108, t. 54. 1839 or 1840. 

McClintock, Journal Arnold Arboretum, : 

Hydrangea ? bracteata Siebold & Zuccarini, 1. c. 172, t. 92. 1841. No type specimen 

was designated for this nor the following name. The plates may be considered to 

represent the types in each case. 

Hydrangea cordifolia Siebold & Zuccarini, J. c. 113, t. 59, fig. 2. 1839 or 1840. 

Hydrangea scandens Maximowicz, Mémoires Académie imperiale des Sciences de St. 

Pétersbourg, ser. 7, 10(16):16. 1867. Non Seringe 1830, nec Poeppig 1830. Based 

on the above two taxa of Siebold and Zucecarini. 

Hydrangea glabra Hayata, Journal College of Science, Imperial University, Tokyo, 

25 (art. 19):89, plate 6. 1908. Type from Formosa, Kawakami & Mori 1787. 

(Type not seen, photo CAS.) 

Hydrangea tilaefolia Léveillé, in Fedde’s Repertorium Novarum Specierum 8:282. 

1910. Three syntypes, Taquet 809 (K, E, G), Fawrie 1654 (H, G, BM), 358 (B, 

BM), all from Dagelet Island, off the south coast of Korea. 

Stamens 15 to 20. 

TYPE LOCALITY: Japan. Type specimen: No specimen is mentioned. 

The plate (Flora Japonica 1: t. 54) may, therefore, be considered to rep- 

resent the type. 

ILLUSTRATIONS : 

B. Hayata. Flora Montana Formosae in Journal, College of Science, Im- 

perial University, Tokyo, 25 (art. 19): plate 6. 1908. As Hydrangea 

glabra Hayata. 

Curtis’s Botanical Magazine, plate 6788. 1884. As H. petiolaris. 

Siebold and Zucearini. 1839 or 1840. Flora Japonica, 1 : t. 59, figure IT, 

as H. cordifolia, and t. 54, as H. petiolaris. 

New Flora and Silva, 1: figure 43, 1929 (habit). 

New Flora and Silva, 9: figure 31, 1937 (habit). This, and the above 

illustration, as H. petiolaris. 
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DISTRIBUTION: SOVIET FEDERATED SOCIALIST REPUBLIC. 

Sakhalin (Karafuto) : Oko. JAPAN. Honsuu Isuanp: Aomori Prefecture: 

Tanabu; Hakkoda; Mts. of Shichinoki. Osaka Prefecture: Mt. Kongosan. 

Akita Prefecture: Akita. Gifu Prefecture: Mt. Kasagi; Mitaka. Hyogo 

Prefecture: Tii-mura; Ashiu. Nagano Prefecture: Otake-gawa; Mt. Izuna; 

Shinano. Wakayama Prefecture: Sitigawa-mura. Yamagata Prefecture. 

Nara Prefecture: Tonamine; Mt. Misen. Kanagawa Prefecture: Mt. Ha- 

kone. Tochigi Prefecture: Chuzenji; Shiobara. Shizuoka Prefecture: Sho- 

jiko; Mt. Amagi on Idzu Peninsula. Iwate & Miyagi border, Mt. Kurikoma. 

Yamanashi Prefecture: between Fujiyoshida and Lake Shoji. Gumma 

Prefecture: Mt. Akagisan; Aze. HoxkKatpo Isuanp. Ishikari Subprefecture: 

Sapporo; Maru-yama. Abashiri Subprefecture : Kitami Fuji. Oshima Sub- 

prefecture: Hakodate. Hidacha Subprefecture: Erimo Cape. Iburi Sub- 

prefecture: Noboribetsu; Muroran. Shiribeshi Subprefecture: Moribetsu. 

Soya Subprefecture: Soya Cape (Cape Romanzoff). KyusHu ISLaANnp. Kago- 

shima Prefecture: Yaku-shima. Fukuoka Prefecture: Hikosan. SHIKOKU 

Istanp. Kochi Prefecture. Formosa. Arisan. Korea. Dagelet and Quel- 

paert islands. 

Discussion oF Hydrangea anomala 

Throughout its wide geographical range, Hydrangea anomala varies 

but little. The most obvious variation is in the number of stamens; the 

Himalayan and Chinese plants have 9 to 15, and the Japanese 15 to 20. 

The Japanese plants have been considered to be a separate species from 

the Himalayan and Chinese plants. However, the differences between the 

two groups do not seem to warrant specific status for them and they are 

here treated as subspecies. 

Don stated in the Prodromus that he based Hydrangea anomala on a 

collection made by Wallich in Nepal. Since there was no such specimen 

in the Lambert Herbarium in the British Museum it was assumed that 

it must be in the Wallich Herbarium at Kew. In the Wallich Herbarium 

there are three collections of H. anomala written up as follows under Wal- 

lich’s name for the species in his Numerical List: 

“439 Hydrangea altissima Wall. in Herb. 1824. 

1. Napalia 1821 

2. Kumaon, R. B. 

3. Sermore, Lieut. Gerard.” 

Although most of the material in the Wallich Herbarium was brought 

by Wallich to England on his return from India in 1828 some had been 

sent ahead previous to this datet. Material under No. 439 was received 

4 Wallich so stated this in his explanation of the purpose of his Numerical List; see Kew Bulletin for 

1913, p. 256. 
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in England in 1824 and was available to Don before work on the Prodromus 

was completed. 

A significant point in Don’s description of Hydrangea anomala is the 

statement that the flowers are small and uniform and that there are no 

sterile flowers. It may have been for this reason that Hooker and Thom- 

son in 1857° placed H. anomala in synonymy under Adamia cyanea, a 

species considered today to belong in the genus Dichroa. Don’s description 

of H. anomala further states that it has two short, thick, recurved styles. 

While it is true that Dichroa has no sterile flowers, it has more than two 

styles, and these are not short, thick, or recurved. 

Of the three specimens of ‘Hydrangea altissima” in the Wallich Herbari- 

um under No. 439, only one, No. 439/1, was collected by Wallich. This speci- 

men consists of a branch bearing two young inflorescences on which 

sterile flowers are not evident, and a detached portion of an inflorescence 

which is in anthesis and has sterile flowers. The label reads: ‘‘Sheopore. 

Montes Chandaghery. May 1821.” Since the specimen was collected by 

Wallich in Nepal, and consists of a branch without evident sterile flowers, 

it presumably was the specimen on which Don based his H. anomala. In 

the material recognized in this paper as H. anomala there were several 

specimens which lacked sterile flowers. The detached inflorescence men- 

tioned above may not have been part of the specimen which Don saw, but 

may have been added later when the specimen was mounted. 

Wallich published Hydrangea altissima in the Tentamen the year 

following the publication of Don’s Prodromus. H. altissima was illustrated 

on plate 50, but no description accompanies this plate and there is no 

indication of the specimen on which Wallich based his name. The plate of 

H. altissima appears to have been made from a painting in the East India 

Company’s collection in the herbarium at Kew. This, in turn, appears very 

similar to Wallich’s specimen No. 4389/1, with the exception of the fact that 

in the specimen, the flowers are mostly in bud, while the inflorescences shown 

on the painting have fully opened flowers. It seems conclusive that the 

specimen in the Wallich Herbarium, 439/1, served first as the basis of 

Don’s H. anomala, and later as the material for the painting in the East 

India Company’s collection from which the plate of H. altissima in Wal- 

lich’s Tentamen was adopted. 

Maximowiez in 1867 cited the three species of Siebold and Zucearini, 

listed here as synonyms of Hydrangea anomala subsp. petiolaris, under 

his name of H. scandens. In his discussion of these species of Siebold and 

Zucearini, Maximowiez mentioned particularly H. bracteata and the plate 

representing it in the Flora Japonica (vol. 1, table 92). This plate shows 

a branch, the leaves and bracts of which resemble those of H. anomala, 

but with flowers having 10 stamens and petals which are separated and 

5 See Journal Linnaean Society Botany, 2:76. 
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not joined together to fall as a calyptra. Maximowicz pointed out that the 

Japanese plant of this relationship had 15 and not 10 stamens. He sug- 

gested that the illustrator had made a grave error in this illustration and 

that the error untortunately was accepted by the describers. This expla- 

nation may be as good as any for explaining the anomaly of the plant 

pictured. The plant is referred here questionably to H. anomala subsp. 

petiolaris because of its Japanese origin. 

Subsection 4, PETALANTHE 

Hydrangea, sect. Huhydrangea, subsect. Petalanthe (Maximowicz) Rehder, Plantae 

Wilsonianae, 1:37. 1911. 

Hydrangea, sect. 1, Euhydrangea, ser. 1, Petalanthe, Japonico-sinensis Maximowicz, 

Mémoires Académie imperiale des Sciences de St. Pétersbourg, ser. 7, 10(16):6 

(Revisio Hydrangearum Asiae Orientalis). 1867. In part. 

Flowers white or blue; ovary half superior; capsule conical at apex; 

styles longer than conical disk; seeds not caudate. Chinese and Japanese 

species. 

TypE SPECIES: Hydrangea hirta Siebold & Zucearini. 

7. Hydrangea hirta (Thunbere) Siebold, Flora, 11: 757. 1828. 

Viburnum hirtum Thunberg, Flora Japonica, 124. 1784. 

Shrub, 0.5—2 m. tall, branchlets and inflorescence pubescent with coarse, 

upwardly appressed hairs, 0.4-1 mm. long, and in addition, longer spread- 

ing hairs on branchlets; leaves 3-10.5 em. long, 2.5-7 em. wide, length 

equaling width to as much as 2.5 times as great, oval, deeply serrate, 

with serrations 3-8 mm. deep, both surfaces with scattered appressed 

hairs along veins and veinlets; petiole 1-3.5 em. long, pubescent with 

spreading hairs; inflorescence a rounded, compound cluster, 2-10 em. 

wide; bracts 1 or 2 pairs below inflorescence, 1-3 em. long, leaf-like, 

lanceolate, entire or with 2 to 4 deep serrations; fertile flowers only pres- 

ent, bluish; hypanthium 0.5-1 mm. long; calyx lobes 5, rarely 4, 0.5 mm. 

long; petals 5, rarely 4, 1.5-2 mm. long, reflexed before falling, cuneate at 

base; stamens 10, rarely 8, 2.5-4+ mm. lone, 2 to 3 times as long as styles; 

ovary half superior; styles 3 or 4, 1-1.5 mm. long, united for 0.3-0.5 mm., 

free for 0.6—-1 mm.; capsule 3-3.5 mm. long (including styles) ; hypanthium 

1.5-2 mm. long, styles 1-2 mm. long, united for 0.5-1 mm., less than one- 

half of their length; seeds 0.7-0.9 mm. long, 0.4-0.5 mm. wide, elliptical, 

blunt at each end. (See plate 6, figure 1.) 

TYPE LOCALITY: Japan. Type collection: Thunberg (holotype UPS, 

photo A). 
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DISTRIBUTION : Mixed forests and woods, on Honshu Island in Japan, on 
Okinawa Island in the Ryukyu Islands, from 200 to 1000 meters. JAPAN. 
HonsHu Isuanp: Kyoto Prefecture: Atago County; Kyoto. Saitama Pre- 
fecture: Mitsumine; Chichibu; Mt. Takamidzu. Kanagawa Prefecture: 
Hakone Mts.; Hanno; Mt. Takao. Shizuoka Prefecture: Shiojiko (Fuji- 
yama region); Shimoda. Nagano Prefecture: Mt. Asama; Atago near 
Karuizawa; Gora to Miyanoshita; Kiso near Ontake-san. Tochigi Prefee- 
ture: Nikko; Chuzenji. Tokyo Prefecture: Mt. Takao: Mt. Sougakuzan. 
Gifu Prefecture: Hokunomura; Nakayama-hichiri. Hyogo Prefecture: 

Map 6. Distribution in Japan of 

@ Hydrangea hirta 

A Hydrangea scandens subsp. scandens 

M Hydrangea scandens subsp. liukiuensis 
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Rokkosan; Kobe. Yamanashi Prefecture: Nishi-yatsushiro. Wakayama Pre- 

fecture: Nachi. Nara Prefecture: Mt. Omine. RYUKYU ISLANDS. Oki- 

nawa Island: Kunigawa County. (See Map 6.) 

Discussion: Hydrangea hirta is the only one of the Asiatic species 

of Hydrangea which normally does not have sterile flowers. Its leaves 

have a characteristic shape, which gives them a “nettle-like” appearance. 

These two characters, lack of sterile flowers and “nettle-like” appearance 

of the leaves, distinguish this species from H. scandens which it resem- 

bles most closely in structure of flowers and fruits. Its geographical 

range is restricted to the island of Honshu in Japan, and Okinawa Island. 

Hydrangea amagivana Makino (Journal of Japanese Botany 8: 31, 1932) 

is considered by Makino to represent a possible hybrid between H. hirta 

and H. scandens subsp. scandens. It is described as having coarsely serrate- 

dentate leaves, no sterile flowers, and petals cuneate at base. The speci- 

men which was the basis for Makino’s species came from Izu Peninsula, 

Honshu Island. A similar plant grows in Nippara, Musashi provinee, ac- 

cording to Hiyama (see Journal of Japanese Botany 10: 391, 1943). The 

writer has seen neither of these specimens and therefore cannot evaluate 

HH. amagiana. 

8. Hydrangea scandens (L. f.) Seringe in DeCandolle, Prodromus, 4: 15. 

1830. Non Poeppig, 1830, nec Maximowiez, 1867. 

Shrub or small tree, 1 to 4, or rarely, as much as 6 meters tall; branch- 

lets and inflorescence pubescent with upwardly appressed hairs, varying 

in amount from sparse, with hairs 0.1-0.5 mm. long, to more dense with 

longer hairs, 1-2 mm. long, spreading or appressed, rarely nearly glabrous; 

leaves ovate, 2-18.5 em. long, 1-8 em. wide, 1.5 to 4 times as long as wide, 

glabrous to pubescent in vicinity of veins, petiole 1-3 em. long, pubescent 

as branchlets; inflorescence a branched, compound, flat-topped cluster, 

2-18 em. broad, terminal or axillary, involueral bracts none; fertile flowers 

yellow or blue, few or numerous; hypanthium 0.5-1.5 mm. long; calyx 

lobes 5, 0.3-3.2 mm. long; petals 5, 1.2-4.5 mm. long, cuneate at base, 

reflexed, falling with stamens; stamens 10, 1.2-5.5 mm. long, slightly shorter 

than styles to as much as twice their leneth; ovary half superior; styles 

usually 3, occasionally 2, 4, or 5, 1.8-3.5 mm. long, united for 0.5-1.5 mm., 

ty to 2% of their length, free portion 0.5-2 mm. long; capsules 3-8.5 mm. 

long (including styles), styles 1.5-5.5 mm., united for 0.8-3 mm., less 

than half their leneth, free portion 0.7—-2.5 mm.; seeds 0.5-0.7 mm. long, 

0.3-0.7 mm. wide, oval, blunt at each end; sterile flowers present; sepals 

(yellow or) white or blue, turning red or yellow in age, 1-3 em. long, nearly 

as broad as long, margins serrate, apex acute or rounded. (See plate 6, 

figures 4 and 5.) 
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DISTRIBUTION: Western to southwestern China, Formosa, the Philip- 

pine Islands, Japan, and the Ryukyu Islands. (See Maps 5 and 6.) 

Kery TO THE SUBSPECIES OF HYDRANGEA SCANDENS 

1. Shrubs or small trees up to 4, or even 6 m. tall; inflorescences usually terminal; 

fertile flowers usually numerous. 

2. Stems and leaves pubescent with short upwardly curled hairs or glabrous. 

c. subsp. chinensis 

2. Stems and leaves hirsute pilose. d. subsp. kwangtungensis 

1. Small shrubs, usually less than 2 m. tall; inflorescences usually axillary: fertile 

flowers usually few (10 to 15) in number. 

3. Leaves 3.5-9 cm. long, 1-3 cm. wide; bark grayish-brown or tan, dull in ap- 

pearance. a. subsp. scandens 

3. Leaves 2-5 em. long, 1-2 cm. wide, sometimes with white band along midvein; 

bark reddish-brown, having a somewhat polished appearance. 

b. subsp. liukiwensis 

8a. Hydrangea scandens (lL. f.) Seringe subsp. scandens. 

Viburnum scandens L. f., Supplementum, 184. 1781. 

Viburnum virens Thunberg, Flora Japonica, 123. 1784. 

Hydrangea virens (Thunberg) Siebold, Nova Acta: Academia (caesarea) Leopoldino- 

Carolina, 14:690. 1829. 

Hydrangea scandens (lL. f.) Seringe in DeCandolle, Prodromus, 4:15. 1830. 

Leaves 3.5-9 em. long, 1-3 em. wide, green, upper surface dull, bark 

grayish brown or tan, dull in appearance. 

Type LOCALITY: Japan. Type collection: A specimen labeled Viburnum 

scandens in the J. E. Smith collection of the Linnaean Herbarium in Lon- 

don is the type of Viburnum scandens L. f. 

DISTRIBUTION: JAPAN. Honsuu Isuanp: Gifu Prefecture: no locality. 

Hyogo Prefecture: Nunobiki, Rokkosan. Kanagawa Prefecture: Miyano- 

shita, Ojigoku, Ohadzu to Hakone, Yokohama, Tonosawa, Hakone. Nara 

Prefecture: Nara, Mt. Odaigahara, Yoshino. Saitama Prefecture: Mt. 

Idzugatake, Mt. Takao, Mitsumine-san, Chichibu, Ome. Shizuoka Prefec- 

ture: Atami, Fujivama, Mt. Amagi on Izu Peninsula, Suruga. Tokyo 

Prefecture: Nishi-tama-gun, Takao-yama. Wakayama Prefecture: Shingu, 

Mt. Nachi. Yamanashi Prefecture: Mt. Minobu. Kyusnu Isuanp: Fuku- 

oka Prefecture: Mt. Kosho. Kagoshima Prefecture: Enoo, Yakushima, Mt. 

Kirishima, Mt. Takakuma, Kagoshima. Kumamoto Prefecture: Amakusa 

Island. Miyazaki Prefecture: Sobo-san, Minaminaka-gun. Nagasaki Prefec- 

ture: Mt. Fugen, Nagasaki. SHikoku Istanp. Tokushima Prefecture: no 

locality. Kochi Prefecture: Shimonanokama. Formosa. Bankinsing. 

8b. Hydrangea scandens (L. f.) Seringe subsp. liukiuensis (Nakai) Me- 

Clintock, Journal Arnold Arboretum, 37: 375. 1956. 
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Hydrangea liukiuensis Nakai, Botanical Magazine, Tokyo, 25:63. 1911. 

Hydrangea luteo-venosa Koidzumi, Botanical Magazine, Tokyo, 39:4. 1925. (No type 

specimen was designated.) 

Leaves 2—5 em. long, 1-2 em. wide, variegated with a yellow band 

along midvein and secondary veins, upper surface lustrous, lower usually 

glaucous, bark reddish-brown, with more or less polished appearance. 

(See plate 6, figure 5.) 

TypE LocaLity of Hydrangea liukiwensis: Ryukyu Islands. Okinawa, 

Nogodake. Type collection: Tanaka 187 (photo CAS). Specimen not seen 

by the writer. 

Distripution: JAPAN. Honsuu Isuanp. Hiroshima Prefecture: Ono- 

michi. Hyoga Prefecture: Mt. Maya, vicinity of Kobe, Rokkosan. Shizuoka 

Prefecture: Atami, Amagisan, Shimoda, Shuzenji. Wakayama Prefecture: 

Mt. Nachi, Koyasan, Yahazuyama. KyusHu IsuANp. Kagoshima Prefec- 

ture: Makizono. Miyazaki Prefecture: Kitagomura. Nagasaki Prefecture: 

Nagasaki. Kumamoto Prefecture: Amakusa Island. SHikoKu ISLAND. 

Mts. of Kochi, Mts. of yo. Kochi Prefecture: Nishinokawa, Yasuda. Ryvu- 

Kyu ISLANDS. Okinawa Island, Kunigami. 

Discussion: Hydrangea scandens subsp. liukiuensis is characterized by 

its small leaves, which often have a yellow band along their midveins, and 

the reddish-brown stems. It is distinguished from H. scandens subsp. scan- 

dens, which also occurs in Japan, by these characters. 

Hydrangea luteo-venosa Koidzumi was described as having small leaves 

(to + em. long’) which have yellow-white veins and an inflorescence con- 

sisting of about 20 flowers. The author apparently based it on Asa Gray’s 

interpretation of the Williams and Morrow specimen collected at Simoda 

on the Perry Expedition and which Gray determined as H. virens. 

8c. Hydrangea scandens (UL. f.) Seringe subsp. chinensis (Maximowicz) 

McClintock, Journal Arnold Arboretum, 37:3573. 1956. 

Hydrangea chinensis Maximowicz, Mémoires Académie imperiale des Sciences de St. 

Pétersbourg, ser. 7, 10(16):7. 1867. 

Hydrangea Lobbii Maximowicz, 1. c. 15. Type from Philippine Islands, Lobb 446 

(isotypes K, E, BM, W, G). 

Hydrangea Davidii Franchet, Nouvelles Archives Muséum d’histoire naturelle, 

Paris, ser. 2, 8:227. 1885. Type from Paohing (Moupin), Sikang, David in 1869 

(holotype and isotypes P). 

Hydrangea Pottingeri Prain, Journal Asiatic Society of Bengal, 67:290. 1898. Type 

from Kachin Hills, Burma, Pottinger, May 4, 1897 (holotype K). 

Hydrangea Arbostiana Léveillé, Bulletin, Académie internationale de Géographie 

Botanique, 12:115. 1903. Type from Mont du Collége, Kweichow, Bodinier 1694 

(holotype EH, fragment and photo of holotype A, isotypes P, E). 
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Hydrangea subintegra Merrill, Philippine Journal of Science, Botany, 3:408. 1908. 

Type from Batan Island, Philippine Islands, Féniz, June 1907 (isotypes US, K). 

Hydrangea umbellata Rehder in Plantae Wilsonianae, 1:25. 1911. Type from Kuling, 

Kiangsi, Wilson 1605 (holotype A, isotypes HE, US). 

Hydrangea yunnanensis Rehder, 1. c. 37. Two syntypes cited, both from Mengtze, 

Yunnan, Henry 10236 (A, NY, K), and 10236B (K, EB, S, A, NY). 

Hydrangea glabrifolia Hayata, Icones Plantarum Formosanarum, 3:106. 1913. Type 

from Tandaisam, Formosa, Mori, April 1910 (specimen not seen, photo CAS). 

Hydrangea macrosepala Hayata, I. c. 108. Type from Kokei, Formosa, Nagasawa, 

April 1903 (specimen not seen, photo CAS). 

Hydrangea obovatifolia Hayata, 1. c. 109. Type from Terasasan, Formosa, Hayata & 

Sasaki, July 5, 1912 (specimen not seen, photo US). 

Hydrangea angustipetala Hayata, Journal College of Science, Imperial University, 

Tokyo, 30(1):107. 1911. Type from Giran, Formosa, Kawakami & Mori 1385 

(specimen not seen, photo CAS). 

Hydrangea angustifolia Hayata, Icones Plantarum Formosanarum, 1: plate 32. 1911. 

No description, plate only, which represents the type. 

Hydrangea angustisepala Hayata, I. c. 2:4. 1912. Type stated to be from Formosa but 

no specimen was cited. However, the English description is based on the Latin 

description of H. angustipetala. 

Hydrangea Davidii Franchet var. Arbostiana Léveillé, Flora Kouy-Tcheou, p. 387. 

1914. (Presumably based on H. Arbostiana Léveillé. Publication has not been 

seen by the author.) 

Hydrangea pubiramea Merrill, Philippine Journal of Science, Eotany, 12:267. 1917. 

Type from Tayabas Province, Luzon Island, Philippine Islands, Ramos & Edano 

herb. no. 26521 (isotypes A, K, US). 

Hydrangea pubiramea var. parvifolia Merrill, 1. c. 268. Type from Nueva Ecija 

Province, Luzon Island, Philippine Islands, Ramos & HEdano herb. no. 26511 

(isotype US). 

Hydrangea Kawagoeana Koidzumi, Botanical Magazine, Tokyo, 32:138. 1918. Two 

syntypes are cited, both from the Ryukyu Islands: Nakanoshima, Kaiwagoe 60, 

and Takarashima, Ushiwo, May 4, 1917. (Neither specimen seen, photo of 

Kawagoe 60, CAS.) 

Hydrangea subferruginea W. W. Smith, Notes from the Royal Botanic Garden, 

Edinburgh, 11:212. 1919. Type from Htawgaw Valley, Burma, Ward 1542 (holo- 

type E). 

Hydrangea chloroleuca Diels, Notizblatt des Botanischen Gartens und Museums, 

Berlin—Dahlem, 9:1027-1028. 1926. Type from Yungshing Hsien, Kiangsi Prov- 

ince, China, Hu 799 (isotype A). 

Hydrangea yayeyamensis Koidzumi, Botanical Magazine, Tokyo, 43:394. 1929. Old- 

ham 110 (“pro parte’) is the only specimen cited. This specimen, cited previ- 

ously as a syntype of H. chinensis by Maximowicz, was the basis of H. yayey- 

amensis, Which was considered by Koidzumi to be a Formosan species. H. 

chinensis was emended by Koidzumi to include only Chinese plants. 

Hydrangea formosana Koidzumi, l. c. Five syntypes, all from Formosa, were cited: 

Oldham 110 “partim” (E, K, P, W, 8S, A, NY), Ford in 1884 (K), and 3 specimens 

collected by Price (K). 



208 CALIFORNIA ACADEMY OF SCIENCES [ Proc. 4TH SER. 

Hydrangea grossiserrata Engler in Engler & Prantl, Nattirlichen Pflanzenfamilien, 

ed. 2, 18a:207. 1930. Type from Yakushima, Fawrie 3934 (isotype G). 

Hydrangea stenophylla Merrill & Chun, Sunyatsenia, 1:58. 1930. Type from Lok- 

chong, Kwangtung, Tso 20617 (NY). 

Shrubs or small trees, 1 to 4, or rarely, as much as 6 meters tall; 

leaves 5-18.5 em. long, 1.5-8 em. wide, 1.5 to 4 times as long as wide; 

inflorescences usually terminal; fertile flowers usually numerous; calyx 

lobes 0.5-3.2 em. long; capsules 3-8.5 em. long. 

TYPE LOCALITY: Formosa. Tamsui. Type collection of Hydrangea chi- 

nensis Maximowiez, lectotype, Oldham 110 (NY), other specimens of this 

collection, E, K, P, W, S, A. A syntype of H. chinensis Maximowiez is 

Fortune A42, Chekiang in 1845 (K, G, P, W). 

DistrIBuTION: Mixed forests and thickets; on Formosa from sea level 

to 2,500 meters, the Philippine Islands from 700 to 2,500 meters, and from 

western to southeastern China from 500 to 3,000 meters. (See plate 6, 

figure 4.) CHINA. ANHwerI: Hwang Shan, Chuhuashan, Tien Chu Shan. 

CHEKIANG: Mokan Shan, Ping yan, Suian, T’ien-tai Shan, T’ien-mu Shan, 

Tihtai Shan, Tsinetien, Changhua, Fenghwa, Hangchow, Kewkiang. 

Fuxiren: Amoy, Ku-dien, Nanping. Hupen: Paohang. Kianest: Tung- 

huashan, Kuling, Lu Shan, Yung shing hsien. Kwanost: Lingchwan dis- 

trict, Yao Shan, Ling Wang Shan, Chuen Yuen, Yeo Mar Shan, Hang- 

on-yuen. KwanatrunG: Lokchong, Tsungfa district, Yao Shan, Yuyuen, 

Tsing Wan Shan, Kweiyang, Lin fa Shan, Nam Shan, Yam na Shan, Sam 

Kok Shan, Hong Kong. KwericHow: Kouy-yang, Fan Ching Shan, between 

Tjiaulou and Baling, near Dayung, Yao ren shan, Pin fa. SIKANG: Kang- 

tine (Tatsienlu), Hanyuan, Hweili, Paohing (Muping), Tienchuan. SzE- 

cHUAN: Loshan, He-chang Hsien, Opien, Wa shan, Tahsiangling, Tet- 

schang in valley Kientschang. YUNNAN: Pingpien, Shunning, Shweli- 

Salween divide, Tengyueh, Yiliang, headwaters of Shweli River, Salween 

Valley, Pan pien hsien, Yungshan, Wenshan, Tongtchouan, Shangpa, Kiu- 

kiang Valley, Mengtze, Ningpo, Tschen Fong chan, Kiao Kia, Gan chouen. 

BURMA. Kachin Hills, Myitkvina, Kangfang, Kambaiti, Htawgaw, Hpi- 

maw valley, Maikha-Salween divide. PHILIPPINE ISLANDS. Batan 

ISLAND: Mt. Ivaya, Santo Domingo de Basco. LrytTE ISLAND: No loeality. 

Luzon Isuanp: Mountain Province: Benguet Subprovinee, Baguio, Mt. 

Santo Tomas, Mt. Simacoco, Mt. Pulog, Mt. Pauai, Apayao Subprovinee, 

Bayag, Bontoe Subprovinee. Tayabas Province: Mt. Dingalan. Nueva Ecija 

Province: Mt. Umingan. Rizal Province: Balacbac, Montalban, Monte 

Batay. Bataan Province: Mt. Mariveles. MINDANAO ISLAND. Bukidnon Prov- 

ince: Mt. Dumaluepihan. Davao Province: Mt. McKinley, Mt. Mayo. Cota- 

bato Province: Mt. Apo. Misamis Occidental Province: Mt. Malindang. 

Minporo Isuanp. Mt. Haleon. NeGros ISuAND. Negros Oriental Province: 
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Dumaguete, Cuernos de Negros, Canlaon Voleano. Panay Isuanp. Capiz 

Province: Mt. Madiass, Mt. Macosolon. FORMOSA. Arisan, Bankinsing, 

Bukiko, Lake Candidius, Chippon-goe in Taitocho, Daksui Valley near 

Togun, Hassen-zan, Hori, Hokuto, Kapulan, Kelung, Kiirun, Koarong, 

Siutiam near Banka, Shirisi near Taihoku, South Cape, Sozan, Taipeh, 

Mt. Chichiseizan, Dakushu, Taihoku, Tomita, Taiheizan, Taitum, Urai, 

Tamsui. RYUKYU ISLANDS. C.LeEopatra IsuAnp. IrR1omoTE ISLAND, Na- 

kara River region, Urauchi River, Hidori River. OkINOERABU ISLAND. AKU- 

SEKI ISLAND. ISHIGAKI ISLAND, between Maezato Yama and peak south of 

Omato Yama, Omoto-dake. JAPAN. YakusHima ISLAND. 

Discussion: Hydrangea scandens subsp. chinensis occurs throughout 

the range of the species with the exception of Japan. It is distinguished 

from H. scandens subsp. scandens, which occurs in Japan, by its generally 

larger leaves which appear to be stiff and leathery in comparison with those 

of subsp. scandens, the somewhat larger size of its individual plants and 

its usually terminal inflorescences. These differences are usually sufficient 

to distinguish the two taxa; however, occasional individuals occur in 

which these differences are not pronounced. 

Throughout its range Hydrangea scandens subsp. chinensis varies in 

leaf shape and size. Leaves on the Chinese plants usually are from 5.5—15 

em. in length, and 2-6 em. in width, their length being 2 to 3.5 times as 

ereat as their width, and the pubescence is usually in the vicinity of the 

midrib and on the petiole. However, there occasionally are found plants 

with more narrow leaves, ranging from 1.5 to 3.5 em. in width and which 

are always glabrous. Such a plant is 7'so 20617, which is the type of H. 

stenophylla Merrill & Chun. In the Philippine plants, the leaves are some- 

what larger, being up to 18.5 em. long, and 8 em. wide, while in the For- 

mosan plants the leaves tend to be smaller, being up to 10.5 em. long 

and 4 em. wide. 

In addition to the leaf variation in Hydrangea scandens subsp. chinensis, 

there is some variation in the length of the stamens and their relation 

to the length of the style, and in the size of the capsules. In the Chinese 

plants, the stamens are very slightly longer than the styles, to as much 

as two times as long; the over-all length of the stamens, the greatest for the 

entire species, is from 1.5 to 5.2 mm., while the length of the styles is not 

over 3.5 mm. In both the Formosan and the Philippine plants the stamens 

are equal in length to that of the styles to about one and one-half times 

their length. In actual measurement the length of the stamens in the 

Philippine and Formosan plants is about the same, 1.2-4 mm., but in the 

Philippine plants the styles are somewhat longer (1.8-3.5 mm.) than 

those of the Formosan (1.5-2.5 mm.). The largest capsules (from 3.5 to 

8.5 mm. long) are found in the narrow-leaved Chinese plants, while for 
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the Formosan and the broader-leaved Chinese plants the capsules are 

from 3 to 5.5 mm. long. In the Philippine plants, the capsules are from 

5-7.5 mm. long. 

From the ecollector’s notes occasionally given on the labels there is 

seen to be a variation in flower color. Both kinds of flowers may be either 

white (or ? yellow) or blue, and occasionally the sterile flowers are absent. 

Under Hydrangea chinensis, Maximowiez cited four syntypes, three 

from China and one from Formosa. The Formosan collection was made by 

Oldham (No. 110) in 1864 at Tamsui; duplicates of it are available in 

several herbaria. The specimen in the herbarium of the New York Botan- 

ical Garden has been selected as the lectotype. The other syntypes cited 

by Maximowiez are: Fortune A42, collected in 1845 at Amoy, Chekiang 

Province, and specimens collected by Bunge and Senjawin (both cited by 

Maximowiez as being in Herb. Fischer of the Botanic Garden in St. Peters- 

burg), which were not available to the writer. There is some doubt as to 

whether the Bunge specimen should be identified with Hydrangea scandens 

subsp. chinensis. Bretschneider (1898) stated that Bunge, who accompa- 

nied the 11th Ecclesiastical Mission of the Russian Government to Peking, 

in 1830, made collections in the vicinity of this city. H. scandens subsp. 

chinensis does not occur in China this far north. The specimen may be 

H. heteromalla which occurs in the vicinity of Peking. The Seniavin (or 

Senjawin) specimen is mentioned by Bretschneider (1898, vol. 1, p. 620) 

as belonging to a collection of Chinese plants said to have been received 

by Dr. Fiseher from Seniavin ‘who from 1838 to 1851 was Director of 

the Asiatic Department in the Foreign Office.’ This collection was not made 

by Seniavin but came to him through the Russian Ecclesiastical Mission 

at Peking, through whose agency it probably was made in Fukien provinee. 

Since Fukien is within the range of H. scandens subsp. chinensis the speci- 

men may belong to this subspecies. 

Maximowiez based his Hydrangea Lobbw on a eollection by Lobb 

(No. 446) and said to have been collected in Java. However, according 

to Merrill (in Philippine Journal of Science, Sect. C, Botany, 10: 185, 

1915), “the Kew specimen of this collection is labelled Luzon, and this 

certainly is correct, as the species is common and widely distributed in 

the mountains of the northern Philippines.” 

8d. Hydrangea scandens (lL. f.) Seringe subsp. kKwangtungensis (Mer- 

rill) MeClintock, Journal Arnold Arboretum, 37: 373. 1956. 

Hydrangea kwangtungensis Merrill, Journal Arnold Arborteum, 8:7. 1927. 

Shrubs 5 to 5 ft. tall; stems, branchlets, and leaves softly villous with 

hairs 0.5 mm. long; leaves 8-10 em. long, 3-4 em. wide, 2.5 times as long 

as wide; fertile flowers numerous; calyx lobes 1 mm. long; hypanthium 

0.5 mm. long; petals 2.2 mm. long; stamens 1.7-2.2 mm. long; 3 or 4 
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styles, 1.5 mm. long, free portion 1 mm. long; capsules 4.3 mm. long, 

villous; hypanthium 1.8 mm. long; styles 2.5 mm. long, free portions 1 mm. 

long, united portion 1.5 mm. long. 

TyPE Locauity of Hydrangea kwangtungensis: China, Kwangtung 

Province. Type collection: Peng et al. May 22, 1924, Canton Christian 

College herb. No. 12017, collected on the National Geographic Society 

Expedition under the direction of F. W. Wulsin, (holotype US, isotypes 

mae we. W, BH). 

DistrisuTion: CHINA. Kwanatune Province: Lung T’au Moun- 

tain near Ju, Tai Mo Shan, Tapu District. 

Discussion: Hydrangea scandens subsp. kwangtungensis is distin- 

euished by the softly villous hairs on its stems and leaves. Its flower 

and fruit structures are not different from those of the other subspecies 

of H. scandens. Only two collections of this subspecies were seen, both 

from Kwangtung Province, indicating that its distribution is doubtless 

restricted. 

Subseetion 5. HETEROMALLAE 

Hydrangea, sect. Euhydrangea, subsect. Heteromallae Rehder, Plantae Wilsonianae, 

saz, isha. 

Hydrangea, section 1. Huhydrangea, series 2. Piptopetalae Maximowicz, Mémoires 

Académie impériale des Sciences de St. Pétersbourg, ser. 7, 10(16):8. 1867. 

In part. 

Hydrangea, subgenus Huhydrangea, section Japonico-sinensis, subsection Pipto- 

petalae (Maximowicz) Schneider, Handbuch der Laubholzkunde, 1:388. 1905. 

In part. 

Flowers white; filaments flattened toward their bases; ovary half su- 

perior; capsule conical at apex; styles shorter than conical disk; seeds 

caudate. Chinese and Japanese species. 

9. Hydrangea paniculata Siebold, Nova Acta: Academia (caesarea) Leo- 

poldino-Carolina, 14: 691. 1829. 

Hydrangea Kamienskii Léveillé, Bulietin, Académie internationale de Géographie 

Botanique, 12:115. 1903. Syntypes from Kweichow: Bodinier 1661 (P, E), and 

Martin & Bodinier 1661 bis (P). 

Hydrangea sachalinensis Léveillé, in Fedde’s Repertorium Novarum Specierum, 

8:282. 1910. Type from Sakhalin, Faurie 439 (holotype EH, isotypes A, P, BM, W). 

Hydrangea Schindleri Engler, in Engler & Prantl, Natirlichen Pflanzenfamilien, 

ed. 2, 18a:203. 1930. In part. Lectotype from Kuling, Kiangsi, Schindler 324 

(EH, K, BM, G, W). 

Much branched shrub or small tree, 0.5-7 m. tall; branchlets and in- 

florescence pubescent with upwardly appressed hairs 0.3-0.5 mm. long; 
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leaves opposite or ternate, ovate, 7-15 em. long, 3-10 em. wide, 1.5 to 2.5 

times as long as wide, both surfaces with scattered hairs along veins and 

veinlets; petiole 1-2.4 em. long; inflorescence a compound, much branched, 

pyramidal cluster, 7-25 em. long, lowermost branches of inflorescence 

opening first; bracts numerous, linear to ovate, chartaceous, 1-10 mm. long, 

0.2-2.5 mm. wide, subtending main branches of inflorescence, reduced 

upward, few pili on back and along margins; fertile flowers white, very » 

numerous; hypanthium 0.8-1 mm. long, glabrous or with few scattered 

hairs; calyx lobes 5, 0.5-1 mm. long; petals 5, 2-3 mm. long, ovate, re- 

flexed before falling; stamens 10, 1.7-4.8 mm. long, filaments gradually 

broadening toward base; ovary half superior; styles 2, 3, or 4, 1.5-2 mm. 

long, united at base for 0.5-1.5 mm., free for 0.5 to 1.2 mm.; capsule 

3.5-5 mm. long, hypanthium 1.5-3 mm. long, styles 2-3.5 mm. long, united 

for 1.3 to 2 mm., about % to %4 of their length; seeds 1.7-3 mm. long, 

0.4-0.5 mm. wide, linear, tapering at each end into minute tail-like ex- 

tensions; sterile flowers always present, white, 4-lobed, lobes ovate, 1.2-2 

em. long, 0.8-1.5 em. wide. (See plate 5, figure 3.) 

TYPE LOCALITY: Japan. Type collection: the specimens collected in 

Japan by von Siebold are in the Rijksherbarium in Leiden. Presumably 

the type of H. paniculata is there, but the writer has not seen it. 

ILLUSTRATIONS : 

H. H. Hu & W. Y. Chun. 1933. Icones Plantarum Sinicarum, fase. ITI, 

pl. 136. 

Siebold and Zucearini. 1839 or 1840. Flora Japonica, table 61. 

Gleason, H. A. 1952. Illustrated Flora of the Northeastern United 

States and Adjacent Canada, 2: 275. 

DISTRIBUTION: In woods, mixed forests or open places, in southeastern 

China, from 500 to 1,000 meters, on the islands of Kyushu, Honshu, and 

Hokkaido in Japan, from sea level to 1,200 meters. (See Map 7.) CHINA. 

ANHWEI: Chuhuashan, Hwang Shan, Kimen. CHEKIANG: Changshan, Ping 

Yung, Taishnun, T’ienmu Shan, Tsinetien. FuKIEN: Shaowu, Nanping, 

Amoy. Hunan: Yun-shan. Kranast: Fencheng, Kiennan, Kuling (in Lu 

Shan), Lungnan dist., Lu Shan, Ningdu, Wuyuen, Yutu. Kwanasr: Kwei- 

lin dist., Lingchwan dist., San-Chiang, Tzu-yuan, Yao Shan. KwaNGrTuNe: 

Linhsien, Lokchong, Meihsien, Yingtak, road to Chang Kiang, Kau Fung, 

Maan Chi Shan, Yao Shan, Lung T’au near Iu, Fungwan, Yam No Mt., 

Tsing Leung Shan, Tsing Wan Shan, between Bei Shen and Nan Shung. 

KweicHow: Kweiting, Kweiyang, Pachai, Tsingchen, Monts de Loutsong- 

koan, Ganpin, Mantsanping. SrkanG: Paohsing. YUNNAN: Pinfa-Tuchang. 

JAPAN. Honsuu Isuanp: Nagano Prefecture: Kose, Karuizawa, Shinano. 

Gumma Prefecture: Yokogawa. Nagano-Gumma_ border, Asama-yama. 

Aomori Prefecture: Mt. Iwaki, Ikarigaseki, Hakkoda-yama, Tanabu. 
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Shizuoka Prefecture: Subashiri, Shimoda, Fuji-yama. Nara Prefecture: 

Odaigahara-san, Omine-sammyaku. Tochigi Prefecture: Mt. Takodate, 

Lake Chuzenji, Nikko. Kyoto Prefecture: Yase. Gifu Prefecture: No 

locality. Wakayama Prefecture: Koyasan. Hyoga Prefecture: Ikuno. Kana- 

gawa Prefecture: Hakone Mts., Yokohama. Yamaguchi Prefecture: Sen- 

goku. Niigata Prefecture: Mt. Tanigawa, Shimizu. Akita Prefecture: 

Azuma. Yamagata Prefecture: Yamagata. HokKatpo IstAnp: Oshima Sub- 

prefecture: Hakodate, Todohokke, Fukayama. Ishikari Subprefecture: 

Sapporo, Tokobuchi, Otaru. Abashiri Subprefecture: Nokkeushi, Rubeshibe. 

Nemura Subprefecture: Nishiwada. Kushirokoku Subprefecture: Bokke. 

Shiribeshi Subprefecture: Otani. KyusHu IsLanp: Kagoshima Prefec- 

ture: Mt. Kirishima, Kirishima National Park, Sakura-jima, Mt. Onamika, 

Yakushima. Nagasaki Prefecture: Nagasaki, Unzen. Fukuoda Prefec- 

ture: Okuma-san. Oita Prefecture: Beppo. SOVIET FEDERATED SO- 

CIALIST REPUBLIC: Saxwauin: Korsakov, Toronaiba. 

Discussion: Hydrangea paniculata is distinguished from the other 

Asiatic species of the section Hydrangea by its pyramidal inflorescence. 

This type of inflorescence is found elsewhere in H. quercifolia of the east- 

ern United States. In flower and fruit H. paniculata is most like H. het- 

eromalla; in fact, in regard to these characters, the two are almost indis- 

tinguishable, their only difference being the somewhat longer calyx lobes 

and the somewhat smaller seeds of H. heteromalla. Both have a half su- 

perior ovary with the styles united for one-half or more of their total length 

and alternately long and short stamens with filaments broadened toward 

their bases. H. paniculata is a fairly uniform species, showing no par- 

ticular variation in any of its parts throughout its geographical range. 

Hydrangea Schindleri was described by Engler (1930) in his key to 

the species of Hydrangea. He said of H. Schindleri that it is related to 

H. chinensis Maximowiez, has long lanceolate leaves constricted in the 

lower third and narrowly obovate sepals on the sterile flowers, and is found 

in the Kuling Mountains in Kiangsi, China. According to Rehder (Jour- 

nal Arnold Arboretum, 14: 202-203, 1933), there were in the Herbarium 

at Berlin four specimens labeled H. Schindleri, all collected by A. K. 

Schindler in August and September, 1908, at Lu-Shan in the Kuling 

Mountains. Duplicates of these specimens were seen by the writer in 

various European herbaria. Two of the collections, Schindler 325 and 327, 

are H. scandens subsp. chinensis, and the other two, numbers 322a and 324, 

are H. paniculata. Engler did not designate a holotype, therefore, Rehder 

selected number 324 as the lectotype of H. paniculata. 

10. Hydrangea heteromalla D. Don, Prodromus Florae Nepalensis, 211. 

1825. 
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Hydrangea vestita Wallich, Tentamen Florae Napalensis, 2: t. 49. 1826. Type from 

Nepal, Gosainthan, Wallich Catalogue No. 440/2 (K-W). 

Hydrangea khasiana Hooker f. & Thomson, Journal Linnaean Society of London, 

Botany, 2:76. 1858. Type from Assam, Hooker & Thomson August 2, 1850 (holo- 

type and isotypes K). 

Hydrangea vestita Wallich var. pubescens Maximowicz, in Mémoires Académie 

impériale des Sciences de St. Pétersbourg, ser. 7, 10(16): 10. 1867. Two syntypes 

collected near Pekin by Tatarinow and Kirilow are cited. Not seen by the writer. 

Hydrangea Bretschneideri Dippel, Handbuch der Laubholzkunde, 3:320. 1893. Named 

from cultivated material. 

Hydrangea peckinensis Hort. ex Dippel, 1. c., as synonym of H. Bretschneideri. 

Hydrangea mandarinorum Diels, in Engler’s Botanische Jahrbiicher fiir Systematik, 

29:372. 1900. Type from Nanchuan, Szechuan, Bock & von Rosthorn 1932 (photo 

and fragment of holotype A). 

Hydrangea Giraldii Diels, 1. c., p. 373. Five syntypes cited, all collected in Shensi 

province by Giraldi, Kishan, 1/167, 1171; Tue lian pin, 7/68; Taipai shan, 1169, 

1172. Of these the writer has seen only a photo and fragment of No. 1167 (A). 

Hydrangea xanthoneura Diels, 1. c. Type from Nanchuan, Szechuan. Bock & von 

Rosthorn 354 (photo and fragment of holotype, isotype W). 

Hydrangea xanthoneura var. setchuenensis Rehder in Mitteilungen Deutsche Den- 

drologische Gesellschaft, 21:186. 1912. Type from Wenchwan, Szechuan, Wilson 

1323 (holotype A). 

Hydrangea Bretschneideri Diels var. setchuenensis Rehder, Plantae Wilsonianae, 

1:28. 1913. (Based on the preceding. ) 

Hydrangea Bretschneideri Diels var. lancifolia Rehder, 1. c. Type from Kangting 

(Tachien-lu), Sikang, Wilson 2412 (holotype A). 

Hydrangea Bretschneideri Diels var. Giraldii Rehder, I. c., p. 39. (Based on Hydran- 

gea Giraldii Diels.) 

Hydrangea xanthoneura Diels var. Wilsonii Rehder, 1. c., p. 27. Type from near 

Kangting (Tachien-lu), Sikang, Wilson 2407 (holotype A). 

Hydrangea heteromalla D. Don var. mollis Rehder, 1. c., p. 151. Type from Tsang 

chan near Tali, Yunnan, Delavay 1148 (holotype P, fragment and photo A). 

Hydrangea hypoglauca Rehder, 1. c., p. 26. Type from Ichang, Hupeh, Henry 6056 

(holotype A, isotypes G, P, E, BM). 

Hydrangea pubinervis Rehder, 1. c., p. 27. Type from Wa Shan, Szechuan, Wilson 

2411 (holotype A, isotypes E, K, BM, W). 

Hydrangea dumicola W. W. Smith, Notes, Royal Botanic Garden, Edinburgh, 10:39. 

1917. Three syntypes are cited from Yunnan: Mingkwong Valley, Forrest 8705 

(E, K), 8391 (A, E, K), Tengyueh, Howell 51 (E). 

Hydrangea macrocarpa Handel-Mazzetti, Anzeiger der mathematisch-naturwissen- 

schaftlichen Classe: Kaiserliche Akademie der Wissenschaften. Wien, 62:144. 

1925. Type from Hweili, Sikang, Handel-Mazzetti 5156 (holotype W, isotypes 

H, WU). 

Hydrangea heteromalla D. Don var. parviflora Marquand & Shaw, Journal Linnaean 

Society of London, Botany, 48:183. 1929. Type from near Gyala, Tibet, Ward 

5953 (holotype K). 
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Hydrangea sungpanensis Handel-Mazzetti, Symbolae Sinicae, 7:444. 1931. Type from 

Sungpan, Szechuan, Weigold, June-August, 1914 (holotype W). 

Much branched shrub or small tree, 0.5 to 7 m. tall; branchlets and 

inflorescence pubescent with upwardly appressed hairs 0.5-1 mm. long; 

leaves ovate, often broadly so, 8.5-21.5 em. long, 3-14 em. wide, 1.5 to 3 

times as long as wide, lower surface pubescent with varying amounts of 

hairs from sparse to dense enough to cover surface of leaf, or sometimes 

nearly glabrous with hairs along veins only; upper surface with a few 

scattered hairs or glabrous; petiole 2.5-4 em. long, pubescent as the stem; 

inflorescence a rounded, many-branched cluster, 8-80 em. broad; bracts 

linear to lanceolate, chartaceous, 1-3 em. long, 2-5 mm. wide, few pili 

on back and along margins; fertile flowers white, numerous; hypanthium 

0.7-1.5 mm. long; calyx lobes 5, deltoid, 0.8-3 mm. long; petals 5, 2-3.2 

mm. long, 1 mm. wide, ovate, falling separately; stamens 10, rarely 12, 

2-6 mm. long, filaments broadened toward base; ovary half superior; 

styles 3 or 4, 1.5-2 mm. long, united for 0.5-0.8 mm.; capsules 4-5.5 mm. 

long, hypanthium 1.5-3 mm. long, styles 2-3.2 mm. long, united for 

1-2.2 mm., about 14 to °4 of their length; seeds 1.5-2 mm. long, elliptical, 

tapering at each end into minute tail-like extensions; sterile flowers always 

present, white, sepals 4, 1-3 em. in diameter. (See plate 5, figure 2.) 

TYPE LocALIty: Nepal, Gosainthan. Type collection: Wallich in 1821, 

No. 440/2 of Wallich’s Catalogue. Holotype K-W, a specimen from the 

Hooker Herbarium at Kew, collected by Wallich in Nepal but without a 

Catalogue number. Specimens bearing Wallich Catalogue No. 440, from 

other herbaria (C, P, BM) may be isotypes. 

ILLUSTRATIONS : 

H._H. Hu & W. Y. Chun. Icones Plantarum Sinicarum, fase. I, plate 

27, 1929, as H. Bretschneideri; and fase. III, plate 137, 1930, as H. xantho- 

nNeura. 

N. Wallich. Tentamen Florae Napalensis, t. 49, 1826, as H. vestita. 

New Flora and Silva, 1: figure 81, 1929, as H. Bretschneideri. 

DISTRIBUTION: Mixed forests, thickets and open places, west central to 

northeastern China and the Himalayas. (See Map 7.) CHINA. CHAHaR: 

Cholu, p.6 CHEKIANG: Tien-mu-shan. HoNaNn: Tsai-Yuan Hsien; Lushih 

Hsien. HopeH: Peiping, p; Po-hua-shan, p, g; Teche-Ly, Tang Ho, Pei Nin 

Ting Mt., p; Siao Wu Tai Shan, p; Keang Hsuai Ho, p; Fu-ling-hsien; 

Tientsin; Ling Shan, p. Hupen: Fanghsien; Hingshan; Ichang, g; Patung; 

Kienshih, g; Huan Tsao. INNER Moncouis: Wulashan, g. JEHOL: Wel- 

chang, p; near Hsing Lung Shan, p. Kansu: Choni district (Tao River 

6 The small letters, ~, g, t, following the place names refer to the vesture of the lower leaf 

surface; p—pubescent, t-tomentose, g—glabrous. 
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basin), p; Lichen, p;: Old Taochow; Tatung River; Lower Tebbu 

Country, p, g; Kwan-schan near Lune, g; Sin long chan and Ma _ ho 

ehan, p. KwanetuNnc: Fuchai. Pineyuan: Tsiyuan. SHansi: Chinyuan, 

p, g; Kiehsiu, g; Luya Shan, g; Ning-wu, g; Wuchai, p, g; Tanpa district, 

p; Yaan, p; Hweili, ¢; Yenyuan, ¢. Suryvuan: No locality. SZECHUAN: 

Chengkow, p; Dzampersheren, p; mountains of Kulu; “Mul Kingdom,” p; 

Kwanhsien, g; Lifan, p; Maohsien, p; Mt. Mitzuga, p; Nanchwan, p; Mt. 

Omei, p, g; Opien, g; Mo-tien-ling, g; Tenghsiang-ying, g; Tsien-chuan-fiu, 

p; Sungpan, p. YUNNAN: Champutong; Chenkang, p; Chungtien, p, t; 

Mt. Dyinalko, t; Mt. Kaakerpu, t; Lanping, g; Likiang, p, t; Mengtsz, p; 

Teng-yueh, p; Weisi, p, t; Pe-long-tsin, t; Tong-Tchouan, t; Ma-hong, g; 

Pe yen tsin, t; Chi-tse-lo, p; Yong-shan, g; Kiukiang Valley, t; Buehhwang 

Valley; Wenshan; east flank Tali Range, ¢; Tali, t; Tsang chan near Tali, ¢; 

Minegkwong Valley, p; Mekong-Salween divide, t; Shweli-Salween divide, 

t, p; Salween River at 27°58’. INDO-CHINA. Tonkin: Chapa. BHUTAN. 

Singhi Djong, p; Shabjetong, t; Bumthang, p; Trashicho Djong, p; Bela 

La near Paro, p; Gyetsa to Juto La, t; Paro; Sinchu La, g; Zado ha, g; 

Fujudin, g; Chapcha, t; Mirchoma; Gyasa Djong, p. BURMA. Hpimaw, p; 

Adung Valley, p; Muneku Hkyet; Shing Hong Torrent, p; Chawcehi. 

NEPAL. Mailoong Pati, p; Gosainthan; Jumla, p; Chankheli Lagna, p; 

Tarakot, Bheri River, t; Sialgarhi, p; Lanetang. TIBET. Cha Gyamda 

Chu, t; Nayu Chu, p; Kongbo Province, Je Pasum Lake, ¢; Lushu Chu, ¢; 

Tsangpo Valley, t; gorge of Tsangpo near Gyala, t; Ka Gwr pu Temple, t; 

Laktang, g; Neawchang Valley, g; above Litang R., p, Yatung, t, Lenda 

Khala, t; valley of the Seingku, p. INDIA. Assam: Delei Valley, ¢; Khasia 

Hills, g; Surureem, p; Moflong; Boga Panee, p; Kala Panee. Sikkim: Kaljo- 

rinie, p; Lachen Valley, p. West BENGAL: Darjeeling, p; Tankra Mt.; Kala- 

pohri, p; Tumbok. Urrar PrapesH: Kumaun District, Kuthie, p; Gar- 

hwal, ft. 

Discussion: Hydrangea heteromalla, unlike the closely related H. pan- 

iculata, varies throughout its range in leat shape and vesture. The names 

listed in svnonymy were all based on such variants and none is worthy 

of recognition. Hydrangea ranthoneura and H. Bretschneideri are prob- 

ably the best known of these names, but those workers recognizing both 

of these as constituting separate species had difficulty separating them. 

Rehder (1924) said of the two that they “are very closely related and 

both vary with pubescent and glabrescent leaves; the only reliable char- 

acter to distinguish these two species is apparently the behavior of the 

bark which in H. Bretschneideri separates in the second year in thin flakes 

and is of chestnut brown color, without or with few inconspicuous lenticels, 

while in H. canthoneura the dark adheres to the branch, is conspicuously 

lenticellate and varies from yellow gray to red brown in color.” However, 

he separated H. xanthoneura by the glabrous or glabrescent underside of 
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the leaves which are more or less cuneate at the base. Of H. Bretschneideri 

var. lancifolia he said (1911, p. 28), “This variety might possibly be con- 

sidered a pubescent and narrow leaved form of H. xanthoneura, since it 

has almost the same kind of bark as var. Wilsonii of that species.” 

Don based his Hydrangea heteromalla on a specimen collected by 

Wallich at Gosainthan in Nepal. This Wallich specimen, as in the ease 

of the one cited for H. anomala Don, is not in the Lambert Herbarium 

at the British Museum but is in the Wallich Herbarium at Kew. There 

are three specimens in the Wallich Herbarium written up as follows in 

Wallich’s Catalogue: 

“440) Hydrangea vestita Wall. in Herb. 1824. 

1. Kumaon, R. B. 

2. Napalia 1821 

B fimbriata, Napalia, 1821.” 

Of these three specimens, one of them, 440/2 was collected at Gosain- 

than by Wallich. This specimen consists of a branch with a full inflores- 

cence and a small piece of infructescence. The latter does not belong with 

the inflorescence, but is H. aspera. The flowering branch, with leaves 

tomentose beneath and more or less rounded, and with entire sterile 

flowers, agrees with Don’s description of H. heteromalla, which he stated 

was collected at Gosainthan. Most probably this specimen is the type of 

H. heteromalla. Of the other two specimens included under No. 440, 

one, 440/1, was collected in “Kumaon” by Robert Blinkworth. On this sheet 

are an inflorescence and an infructescence of H. aspera and a small piece of 

infructescence, which does not belong to the other material, but is H. het- 

eromalla. The third specimen, 440 8 fimbriata was collected by Wallich 

in 1821. It is H. aspera. The mixture of these two species in the Wallich 

material is no doubt in part responsible for the confusion regarding the 

later mistaken interpretations of H. vestita Wallich, H. heteromalla Don, 

and H. aspera Don. 

Hydrangea vestita Wallich was published in the Tentamen on plate 49, 

without a description. The plate, which is the type for the name, shows a 

flowering branch (the dominant element of the plate) and a small piece 

of a fruiting branch. The details of the flower and fruit structure on 

this plate are not clear, but by comparing this plate with a painting in 

the East India Company’s collection of paintings in Herb. Kew, it be- 

comes evident that two elements are represented in the original painting, 

and that the plate was adapted from it. The dominant element, both in 

the painting and the plate in the Tentamen, a branch with a full inflor- 

escence, is surely what Wallich intended his H. vestita to be. The lesser 

element, the piece of infructescence, is H. aspera. Comparison of this plate 

with the Wallich specimen No. 440/2, described above as consisting of a 

full inflorescence of H. heteromalla and a small intructescence of H. aspera, 
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shows that the plate with its mixture of the same two species was made 

from the specimen. It may be concluded that this specimen served as 

the basis of H. heteromalla Don and later for the plate of H. vestita 

Wallich. 

The material on which Hydrangea khasiana is based was collected 

by Hooker and Thomson in the Khasia Mountains at Surureem in the 

valley of the Kala-panee River. Hooker and Thomson said of it that it 

differs from “H. vestita,” that is H. heteromalla, by its more robust habit 

and its broader leaves, which are cordate at the base. H. heteromalla varies 

in habit from a shrub to a small tree. Its leaves are also variable. The 

variation shown by H. khasiana is not significant. 

Maximowiez (1867) based Hydrangea vestita var. pubescens on two 

specimens collected by Tatarinow and Kirilow in the Peking area of north- 

ern China. The collections of both of these men were eventually deposited 

in the herbarium of the Botanic Garden in St. Petersburg, where they were 

available to Maximowiez for study. Maximowiez stated that his proposed 

variety was conspecific with the Himalayan H. vestita (referred in this 

paper to H. heteromalla) and he followed Hooker and Thomson in using 

the name H. vestita instead of H. heteromallaa for the Himalayan plant. 

Since he stated’ that he saw the Wallich specimen from Gosainthan on 

which H. vestita Wallich was based, there is no doubt that he used the name 

H. vestita var. pubescens for the species here referred to H. heteromalla. 

However, he took the varietal epithet from H. pubescens Decaisne (Flore des 

Serres, 4: t. 378, 1848). He stated that this name, known to him only from 

the illustration, was not different from his proposed variety. Decaisne’s 

H. pubescens, however, was described from a cultivated plant grown from 

seed which was said to have come from Japan. The illustration represent- 

ing this plant does not show any detail of flower structure and no speci- 

men is cited in the description. Therefore, it is not possible to identify 

the plate, other than to say that if the plant shown were grown from seed 

of Japanese origin it would not be the same as Maximowicz’s H. vestita var. 

pubescens, which is based on the two collections from Peking. It seems 

best, therefore, to regard the name H. pubescens Decaisne as a nomen 

dubwum. 
Hydrangea Bretschneideri was named by Dr. Leopold Dippel, who 

was director of the botanical garden in Darmstadt, Germany. Dippel 

stated, in his description of this plant, that it was grown from seed sent 

from Peking by Dr. Bretschneider, that it had been referred to by the 

names H. vestita and H. peckinensis, and that it was sometimes confused 

with H. pubescens Decaisne. Dippel did not cite a specimen in his de- 

scription of H. Bretschneideri; hence no type specimen was designated. 

7 See Maximowicz (1867, p. 10): ‘‘Ipsi vidi e Kumaon, Gossainsthan (ex hb. Lambert) et spec. 

Wallich No. 440, flor. et frf.” 
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However, cultivated specimens grown in the garden at Darmstadt have 

been distributed to various herbaria (Koehne 470 and Purpus June 15, 1924 

are both in the herbarium of the Arnold Arboretum.) These specimens 

labeled “Hydrangea bretschneideri Dippel” doubtless represent the species 

deseribed by Dippel. 

Subsection 6. MAcROPHYLLAE 

Hydrangea, sect. Hydrangea, subsect. Macrophyllae McClintock, Journal Arnold 

Arboretum, 37:374. 1956. 

Hydrangea, sect. Huhydrangea, series 2. Piptopetalae Maximowicz, Mémoires Acad- 

émie impériale des Sciences de St. Pétersbourg, ser. 7, 10(16): 8 (Revisio 

Hydrangearum Asiae Orientalis). 1867. In part. 

Map 8. Distribution in Japan of 

@ Hydrangea macrophylla subsp. serrata 

A Hydrangea macrophylla subsp. macrophylla 
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Hydrangea, subgenus Euhydrangea, sect. Japonico-Sinensis, subsect. Piptopetalae 

(Maximowicz) Schneider, Handbuch der Laubholzkunde, 388. 1905. In part. 

Flowers white, blue, or pink; ovary inferior in anthesis, half superior 

in fruit; capsule conical at apex; styles about same length as conical disk; 

seeds caudate. A single species, Hydrangea macrophylla (Thunberg) 

Seringe, widespread in eastern Asia. 

11. Hydrangea macrophylla (Thunberg) Seringe in DeCandolle, Pro- 

dromus, 4:15. 1830. 

Viburnum macrophyllum Thunberg, Flora Japonica, 125. 1784. 

Shrubs 1-3 m. tall; branchlets and inflorescence glabrous or pubescent 

with upwardly curled hairs; leaves 5.5-19 em. long, 2.5-13 em. wide, their 

leneth about 1.5 to 4 times their width, ovate or broadly ovate to more 

or less obovate, texture varying from thin to thick; petioles 1-4 em. long; 

bracts none; inflorescence a flat-topped, compound, several-branched clus- 

ter; fertile flowers white; hypanthium 1.2-2 mm. long; ealyx lobes 5, 

deltoid, 0.5-1 mm. long; petals 5, 2-3 mm. long, reflexed before falling; 

stamens 10, 2-6 mm. long; styles usually 3, occasionally 2, 4 or 5, 1-2 mm. 

long, in early anthesis free to base, ovary then inferior; styles in late an- 

thesis united for 0.3-1 mm. from base, ovary then half superior; base 

of ovary and capsule, sometimes tapered toward pedicel; capsule (ineclud- 

ing styles) 2.5-8 mm. long, hypanthium 1.5-5 mm. long, styles 1.2-3.5 mm. 

long, free portion of styles 0.7-1.5 mm., united portion of styles 0.5—2 mm. 

long; seeds 0.5-0.7 mm. long; sterile flowers white or blue; petaloid sepals 

1-3 em. across, entire or serrate. (See plate 6, figures 2 and 3.) 

DISTRIBUTION: The eastern Himalayas, southern China, and Japan. 

(Map 8 shows distribution in Japan.) 

Key TO THE SUBSPECIES OF HyDRANGEA MACROPHYLLA 

1. Stems and leaves hispid with spreading hairs 1-3 mm. long. d. subsp. Chungii 

1. Stems and leaves glabrous or pubescent with hairs less than 1 mm. long. 

2. Petals 3-4 mm. long; styles in anthesis 2 mm. long; capsules 6-8 mm. long; 

leaf length about one and one-half times greater than width. 

a. subsp. macrophylla 

2. Petals 2-3 mm. long; styles in anthesis 1-2 mm. long; capsules 2.5-6 mm. 

long; leaf length one and one-half to four times greater than width. 

3. Capsules 2.5-5 mm. long, with styles 1.2-2.5 mm. long, free portions 0.7-1.5 

mm. long. (Planis of Japan.) b. subsp. serrata 

3. Capsules 4-6 mm. long, with styles 2-4 mm. long, free portions 1.5—2 mm. 

long. (Plants of the eastern Himalayas and southern China.) 

c. subsp. stylosa 

lla. Hydrangea macrophylla subsp. macrophylla. 

Hydrangea macrophylla (Thunberg) Seringe in DeCandolle, Prodromus, 4:15. 1830. 
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Viburnum macrophyllum Thunberg, Flora Japonica, 125. 1784. 

Hydrangea macrophylla var. normalis Wilson, Journal Arnold Arboretum, 4:234. 

1923. Type from Japan, Suzuki July 1917 (holotype A). 

Hydrangea maritima Haworth-Booth in The Hydrangeas, p. 38. 1950. (Based on 

Hydrangea macrophylla var. normalis.) 

Branchlets, inflorescence, and leaves glabrous; leaves 7.5-19 em. long, 

4-13 em. wide, their length about 1.5 times their width, broadly ovate to 

more or less obovate, margins coarsely serrate, texture “thick”; petioles 

4 em. long; petals 3.5-4 mm. long; stamens 3.5-4.5 mm. long; styles 3, 

2 mm. long in early anthesis; capsules (including styles) 6.5-8 mm. long, 

hypanthium 3.5-5 mm. long, styles 2.5-3.5 mm. long, united portion of 

styles 1.5-2 mm. long, free portion of styles 1-1.5 mm. long. 

DISTRIBUTION: Japan. Chiba (Boso or Boshu) Peninsula on the coast 

of east central Honshu and the islands of Oshima (De Vries) and Hachijo, 

from sea level to 150 meters. 

TYPE LocaLity of Viburnum macrophyllum: Japan. Type collection: 

four syntypes collected by Thunberg. According to Hara (1955) two were 

collected in Japan and two were collected in Thunbere’s garden in Uppsala. 

All specimens belong to a garden form having nearly all sterile flowers 

in its inflorescences. 

SPECIMENS EXAMINED: JAPAN. Honsuu Isuanp. Tokyo Prefecture: 

Hachijo Island, Oshima, Chiba (Boso or Boshu) Peninsula. 

lib. Hydrangea macrophylla (Thunberg) Seringe subsp. serrata (Thun- 

berg) Makino in Journal of Japanese Botany, 6(7) :11. 1929. 

Viburnum serratum Thunberg, Flora Japonica, 124. 1784. 

Hydrangea serrata (Thunberg) Seringe in DeCandolle, Prodromus, 4:15. 1830. 

Viburnum cuspidatum Thunberg, I. c. 125. Type from Japan, collected by Thunberg 

(UPS). 

Hydrangea cuspidata (Thunberg) Miquel, Annales Museum Botanicum Lugduno- 

Batavum, 3:98. 1867. 

Hydrangea yesoensis Koidzumi, Botanical Magazine, Tokyo, 40:347. 1926. Type 

from Hakodate, Hokkaido, Maximowicz in 1861 (isotypes US, K, S, W, NY). 

Branchlets, leaves, and inflorescence glabrous or pubescent with up- 

wardly appressed hairs; leaves 5.5-15 em. long, 3-6 em. wide, their length 

1.5 to 3 times their width, ovate, acute or acuminate at apex; petioles 

1—3 em. long; hypanthium 1.2-1.3 mm. long; calyx lobes 5, 0.5—0.6 mm. long; 

petals 2-3 mm. long; stamens 2-5 mm. long; styles usually 3, occasionally 

2 or 4, 1-1.7 mm. long in early anthesis; styles united for 0.3-1 mm. from 

base in late anthesis; capsule (including styles) 2.5-5 (rarely 6) mm. long, 

united for 0.5-1.5 mm., free portion of styles 0.7-1.5 mm. long. 
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Type LOCALITY of Viburnum serratum: Japan. Type collection: five 

syntypes in the Thunberg Herbarium, specimen 8 selected as lectotype by 
Wana (41955). 

DISTRIBUTION: Japan and southern Korea, in woods and forests usually 

in mountainous areas, at elevations of 70 to 1,500 meters. JAPAN. Hon- 

sHu Isuanp. Hyogo Prefecture: Arima. Aichi Prefecture: Shinano. Gifu 

Prefecture: no locality. Gumma Prefecture: Ikaho, Mt. Haruna. Tochigi 

Prefecture: Nikko to Lake Chuzenji, Lake Chuzenji, Nikko. Ibaraki Pre- 

fecture: Mt. Kaba. Kanagawa Prefecture: Hakone Mts., Manazuru, Nagoa, 

Miyanoshita, Yokohama, Sagami Bay. Kyoto Prefecture: Ohara, Kurama- 

yama. Wakayama Prefecture: Koya. Yamagata Prefecture: Ubayu. Ya- 

manashi Prefecture: Lake Shoji, Jizoga-take, Nambu. Nara Prefecture: 

Mt. Omine. Nagano Prefecture: Karuizawa, Kisokoma-ga-take, Norikura, 

Agawa, Kawagishi, Otake River, Asama-yama. Shizuoka Prefecture : Shojiko, 

Shimoda. Saitama Prefecture: Mt. Buko, Mitake, izuga-take, Hikawa, Shi- 

mura, Mt. Mitsumine. Niigata Prefecture: Mt. Tanigawa, Sado Island. 

Osaka Prefecture: Mt. Kongosan. Akita Prefecture: no locality. Tokyo 

Prefecture: Tokyo. Aomori Prefecture: Hokkadayama, Lake Towada, 

Hirosaki. KyusHu Isuanp: Nagasaki Prefecture: Tsu-shima. Kagoshima 

Prefecture: Mt. Kirishima. Oita Prefecture: Kujisan. Fukuoka Prefec- 

ture: Mt. Ukidake. SHikoku ISLAND: Kochi Prefecture: Shimonanokawa, 

Takaoka, Shiraga-yama, Engyoji. Hoxkamo IsuANp: Oshima Subprefec- 

ture: Hakodate, Ichinowatari. Ishikari Subprefecture: Garugawa, Moiwa- 

dake, Teine-yama. Shiribeshi Subprefecture: Shiribeshi san. KOREA. 

QUELPAERT ISLAND. 

lle. Hydrangea macrophylla (Thunberg) Seringe subsp. stylosa (Hook- 

er f. & Thomson) McClintock, Journal Arnold Arboretum, 37: 373. 

1956. 

Hydrangea stylosa Hooker f. & Thomson, Journal Linnaean Society of London, 

Botany, 2:75. November 1857 (holotype K). 

Hydrangea cyanema Nuttall in Curtis’s Botanical Magazine, t. 5038. March 1858. 

Described from cultivated material. 

Hydrangea taroensis Handel-Mazzetti, Anzeiger der mathematisch-naturwissen- 

schaftlichen Classe: Kaiserliche Akademie der Wissenschaften. Wien, 62:144. 

1925. Type from near Tibet-Burma border, Irrawadi River, Handel-Mazzetti 9455 

(holotype W, isotypes A, E). 

Hydrangea kwangsiensis Hu, Journal Arnold Arboretum, 12:152. 1931. Type from 

Kwangsi, Ching 5836 (photos and fragments of holotype A, NY, isotype W). 

Hydrangea indochinensis Merrill, Journal Arnold Arboretum, 23:167. 1942. Type 

from Chapa, Indochina, Petelot 2687 (holotype A). 

Branchlets, leaves and inflorescences glabrous or pubescent with up- 

wardly curled hairs; leaves ovate, 7.5-14.5 em. long, 2.5-5.5 em. wide, length 
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two to four times as great as width; leaf margins finely to coarsely ser- 

rate or entire; petioles 0.7-3 em. long; fertile flowers lavender or blue; 

petals 2 mm. long; stamens 4-6 mm. long; styles 3, 4, or 5, 1.5 mm. long; 

capsules (ineluding styles) 5-6 mm. long, hypanthium 2-3 mm. long, styles 

2-3 mm. long, united for 0.5-1.5 mm., free portion of styles 1.5—-2 mm. 

Type Locauity of Hydrangea stylosa Hooker f. & Thomson: India, 

Sikkim, Lachen (8,000 ft.). Type collection: Hooker, August 4, 1849 

(holotype K). 

ILLUSTRATIONS : 

H. H. Hu and W. Y. Chun. 1933. Icones Plantarum Sinicarum, fase. III, 

pl. 135, as H. kwangsiensis Hu. 

Curtis’s Botanical Magazine, 1858. Table 5038, as H. cyanema Nuttall. 

DISTRIBUTION: Forests and wooded areas in the eastern Himalayas 

of Bhutan and Sikkim and mountains of Yunnan, Kwangsi, Kweichow, 

Kwanetung and Indochina, at elevations of 500 to 3,300 meters. CHINA. 

Kwanasi: Chu-feng Shan, north of Luchen Hsien on border of Kweichow, 

Ling Wang Shan. Kwanetune: Yao Shan. KweicHow: Yao-ren-shan, San 

hoa. YUNNAN: Eastern flank of Tali Range; Yangpi Valley; western flank 

of Tali Range, Shweli-Salween divide; Tali Range at middle part of Chung 

Ho Mt.; Shweli River drainage basin to summit of Shweli-Salween water- 

shed east of Tengueh; Shunning Hsien; Tali Hsien. BURMA. Irrawadi 

River, near Tibet-Burma border. BHUTAN. Tsanka to Chendehi; Trashi- 

yangsi Chu; near Tongsa; Ridang near Tongsa; Rudong La; Kancham. 

INDIA. Sikkim: Talung, Lachen. INDOCHINA. Vietnam: Chapa. 

Discussion: Hydrangea cyanema Nuttall ex Hooker was described 

and illustrated in Curtis’s Botanical Magazine, plate 5038, in 1858. Hooker 

stated that this plant was “introduced by Mr. Nuttall from Bhotan where 

it was discovered by Mr. Booth.” Thomas J. Booth collected rhododen- 

drons and other plants in the eastern Himalayas for his unele, Thomas 

Nuttall of Nutgrove, Rainhill, Prescott. From Booth’s seeds, a number 

of rhododendrons were grown and introduced into cultivation for the 

first time. The area of ‘‘Bhotan” where Booth collected is to the east of 

the present Bhutan, and appears to be in the Daphla (Dafla) and Aka 

Hills (see Stapf in Curtis’s Botanical Magazine, t. 8078). In Herb. Kew 

is a fruiting specimen collected by Booth in “Bootan” and which, accord- 

ing to the label, was from “Herb. Nuttall.” It probably was this collection 

that furnished the seed from which was grown the plant used for the 

illustration of Hydrangea cyanema. In the description which accompanies. 

the illustration, no specimen is cited; therefore, the illustration may be 

considered to represent the type. 

The specimen on which Hydrangea kwangsiensis was based, Ching 5836 
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from Kiangsi, and a second specimen, T'siang 6285 from Kweichow, differ 

slightly in leaf margin and leaf texture from the other material included 

in subsp. stylosa. In most of the material of this subspecies the leaves are 

serrate and “thin” in texture, but the two specimens from Kiangsi and 

Kweichow have leaves which have entire margins and are somewhat “thick” 

in texture. These leaf differences are of a similar nature, but not as pro- 

nounced, as the leaf differences between the Japanese subsp. serrata and 

subsp. macrophylla. 

Probably because of the small size of the fertile flowers, Hydrangea 

macrophylla subsp. stylosa has been confused with other species in the 

Himalayan region and in western China. For the same reason, perhaps, 

its relationship to H. macrophylla has been overlooked. It is of interest 

that this relationship extends the geographical range of H. macrophylla 

from the Himalayas through China and to Japan. 

lid. Hydrangea macrophylla (Thunberg) Seringe subsp. Chungii (Reh- 

der) McClintock, Journal Arnold Arboretum, 37: 374. 1956. 

Hydrangea Chungii Rehder, Journal Arnold Arboretum, 12:69. 1931. 

Shrubs 1 to 2 m. tall; stems, branchlets and leaves hirsute with spread- 

ing hairs, 1.5-3 mm. long, in addition shorter, upwardly curled hairs along 

stem, 0.5 mm. long; leaves 10-19 em. long, 5-8 em. wide, 2 to 2.5 times 

as long as wide, petioles 1-4 em. long; mature fertile flowers not seen; 

styles (in buds) 3 or 4, free to their bases; capsules 3 mm. long; hypan- 

thium 1.8 mm. long; styles 1.2 mm. long, free portions 0.8 mm. long, united 

portions 0.4 mm. long. 

TYPE LOCALITY: Yenping, Fukien. Type collection: Chung 3043 (holo- 

type A, isotypes A, UC, K, W). 

ILLUSTRATIONS: 

H. H. Hu and W. Y. Chun. 1933. Icones Plantarum Sinicarum, fase. 

II, plate 184, as Hydrangea Chungu. 

DISTRIBUTION: Central Fukien, China. CHINA. Fukien: Yenping. 

Discussion: Hydrangea macrophylla subsp. Chung is characterized 

by its hirsute stems and leaves. Of the two collections from Yenping one 

is in fruit and the other in flower. The flowers of this latter specimen are 

immature but because the styles are free to the base the plant is consid- 

ered to belong to H. macrophylla. Known only from the three collections 

cited above the subspecies is doubtless restricted in its range. 
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Discussion oF Hydrangea macrophylla AND THE ORIGIN 

oF Its GARDEN ForMsS 

Hydrangea macrophylla is probably the best known species of the genus 

because to it belong the many cultivated forms of the garden hydrangea. 

These forms with their sterile-flowered inflorescences represent an unusual 

condition of subsp. macrophylla found on the east central coast of the 

island of Honshu. Hydrangea macrophylla and H. serrata, long consid- 

ered to be closely related Japanese species, were combined by Makino 

(1929) into a single species. Hara (1955) reviewed the nomenclatural 

problems involved in this combination. The two species from the Asiatic 

mainland, H. stylosa and H. Chungu, are combined here for the first time 

as subspecies of H. macrophylla. The relationship between subsp. stylosa 

and subsp. serrata is close and it is difficult to distinguish between the 

two. Subsp. macrophylla may be separated from the others by its larger 

flower parts and thick-textured leaves, and subsp. Chungii is separable 

by its hispid spreading hairs. 

Within recent years the question of the origin of the garden forms 

of Hydrangea macrophylla has been discussed from two different points 

of view. Wilson (1923) suggested that the commonly cultivated form with 

the globose inflorescences consisting of all sterile flowers “is simply an 

anomalous condition of a littoral plant very common on the shores of 

Boshu peninsula in central Hondo, om Oshima or De Vries’ Island, on 

Hachijo and others of the seven isles of Idzu, described in detail . . . under 

the name of Hydrangea macrophylla var. normalis.” Wilson goes on to 

say that the ‘replacing of the ordinary flowers by sterile flowers having 

petaloid sepals occurs in several species of Hydrangea .. . it is probable that 

this character can and does appear as a sport in many species of Hy- 

drangea.”’ In 1917, Wilson found on Oshima a plant which he considered to 

be a wild prototype of the garden plant and which was no different from the 

plant which he knew so well, both at home and in China and Japan. Al- 

though the plant which Wilson found on the coastal area of central Honshu 

was growing not far from Yokohama and Tokyo, its relation to the cultivated 

hydrangeas had not been suggested until Wilson made his observations. 

Wilson recognized his coastal plant as being different from Hydrangea 

serrata, the Japanese species most closely related to H. macrophylla, 

which he knew as a woodland plant growing in the mountains throughout 

Japan. Differences in the leaves between these two species, not readily 

seen in herbarium material, were pointed out by Wilson. He distinguished 

between the two in the field on the basis of their leaf textures and the 

greater vigor of H. macrophylla. The taxonomy of H. macrophylla and 

H. serrata has been complicated by the similarity between the two and by 

the cultivation of numerous garden forms of both. This similarity is so 
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strong that Japanese botanists, particularly Makino and Hara, consider 

them to be coastal and inland forms of the same species. 

Haworth-Booth (1950) discussed the origin of the garden hydrangeas 

from the point of view of their being hybrids. He starts with the premise 

that there are three species from the woodland areas of Japan for which 

he used the following names: H. acuminata, H. japonica, and H. Thun- 

bergu. He characterized these taxa chiefly on the basis of their habit and 

cultural responses, but also mentioned the shapes of the capsules and 

the color and margins of the enlarged sepals of the sterile flowers. Ac- 

cording to him H. acuminata has capsules tapered to their bases and 

entire sepals which are “pink in neutral or limy soil and blue in acid 

soil”; H. japonica has capsules almost round and serrated sepals which 

“open white and then, absolutely irrespective of whether the plant is 

growing in neutral to limy or acid soil, turn crimson owing to the effect 

of sunlight”; H. Thunbergu, which is “earlier flowering and much more 

dwarf in growth with exceptionally numerous, tiny, orbicular ray-flowers 

of unusually vivid pink and reddish shoots (Haworth-Booth, 1950, p. 20). 

It is Haworth-Booth’s contention that these three so-called species which 

share ‘“‘certain characters such as woodland habit, the quality of flowering 

from all of the side shoots, and leaves that are thinner” in texture than 

the maritime form of H. macrophylla called var. normalis by Wilson, 

have hybridized to produce the plant which Thunberg described as 

Viburnum serratum and is here called H. macrophylla subsp. serrata. 

He further contended that these three woodland species, in addition to 

producing hybrids among themselves, have produced hybrids with the 

maritime plant described by Wilson under the name H. macrophylla var. 

normalis, and that from these hybrids have originated the plant which 

Thunberg described as Viburnum macrophyllum and which is here called 

H. macrophylla subsp. macrophylla. Haworth-Booth gave the name H. 

maritima to Wilson’s H. macrophylla var. normalis because he considered 

Thunbere’s name (Viburnum macrophyllum) to have been applied to a 

“hybrid race,” and therefore, this epithet “cannot be used for a wild 

species which is only one of the ancestors of that hybrid race” (Haworth- 

Booth, p. 38). 

From an examination of the available herbarium material and observa- 

tions on living cultivated plants, it appears that the garden forms of 

Hydrangea macrophylla subsp. macrophylla are what Wilson said they 

were: an anomalous condition of the plant which he found in the coast 

of central Honshu. There is no evidence, morphological or otherwise, to 

substantiate Haworth-Booth’s suggestion of there being three inland mon- 

tane species of Hydrangea in Japan. He based his three “species” on 

plants named by Siebold and Zuecarini. The characters which Haworth- 

Booth ascribed to them were for the most part ecological and cultural 
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responses, such as tolerance to shade, flower color, time of flowering, habit 

of flowering, and texture of leaves. It is apparent that these are not 

morphological characters upon which species can be based. Doubtless, 

through mutation a plant or plants having all sterile flowers in their 

inflorescences appeared in the wild populations of both the montane and 

the maritime taxa, subsp. serrata and subsp. macrophylla respectively, such 

plants were selected for cultivation and from them have come the various 

garden forms. 

The following names have been given to specimens of Hydrangea pre- 

sumably of garden origin. From the descriptions and/or illustrations the 

names apply for the most part to H. macrophylla subsp. macrophylla. 

Hortensia opuloides Lamarck, Eneyeclopédie Méthodique, Botanique, 

3: 136, 1789. Based on a plant cultivated on Mauritius (Ile de France) and 

probably sent to the Jardin des Plantes in France by Commerson. 

Primula mutabilis Loureiro, Flora Cochinchinensis 104, 1790. Mer- 

rill in his “Commentary on Loureiro’s Flora Cochinchinensis” (Transactions 

American Philosophical Society, 24(2):177, 1935) says “the description 

apples unmistakably to the commonly cultivated garden Hydrangea.” 

Hortensia japonica Gmelin in Linnaeus, Systema Natura, ed. 13, I, 

pt. 1, 722, 1791. Name only. Generic description based on that of Jussieu. 

Hydrangea hortensis Smith, Iecones Pictae Plantarum Rariorum, p. 12, 

t. 12, 1792. Through the ageney of Sir Joseph Banks a living hydrangea 

was brought to Kew in 1789 from China. This plant was named Hydran- 

gea hortensis by Sir James Smith who recognized it as being related to 

H. arborescens Linnaeus. 

Hortensia mutabilis Schneevoogt & Sehwegman, Icones Plantarum 

Rariorum, t. 36, 1793. The illustration shows an inflorescence consisting 

entirely of sterile flowers which are violet or light purple in color. The 

dissections are not quite accurate but the plate surely represents a garden 

form of Hydrangea macrophylla. 

Hydrangea Hortensia Siebold, Nova Acta: Academia (caesarea) Leo- 

poldino-Carolina, 14(2) : 688, 1829. Under this name Siebold cited as syno- 

nyms Hydrangea hortensis Smith, Hortensia opuloides Lamarck, and Hor- 

tensia speciosa Persoon. The plant, he stated, was cultivated in Japan, but he 

did not illustrate it in the Flora Japonica, perhaps because it was so 

well known. 

Hydrangea japonica Siebold, 1. c. 689. Siebold & Zueearini, Flora 

Japonica 1: 106, t. 53, 1839 or 1840. Plant illustrated has pink fertile and 

sterile flowers. Siebold said of Hydrangea japonica that it was a garden 

plant cultivated for centuries in Japan but found in the wild state in the 

mountains of that country. He described it as having pink flowers, and 
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as being robust and large in all parts. The illustration shows it as being 

glabrous, this together with its robust habit suggests H. macrophylla subsp. 

macrophylla rather than H. macrophylla subsp. serrata, despite the fact 

that Siebold said that the plant grows wild in the mountains of Japan. 

Wilson cited this name as a synonym of his H. macrophylla var. normalis 

f. rosea, which he said “has pink, more or less toothed ray-flowers, other- 

wise it is very similar to the wild form.” 

Hydrangea japonica, Botanical Register, 30: t. 61, 1844. Lindley ered- 

ited this name to Siebold and cited t. 53 of Siebold and Zueearini’s Flora 

Japonca, The Botanical Register plate shows a plant having an inflores- 

cence in which the fertile flowers are rose colored and are surrounded by 

white sterile flowers. In flower color, therefore, it differs from Siebold and 

Zucearini’s plate in which the flowers are pink. The two probably repre- 

sent color forms of Hydrangea macrophylla subsp. macrophylla. 

Hydrangea japonica var. caerulea, Curtis’s Botanical Magazine, t. 4253, 

1846. This plate shows a plant having an inflorescence in which the fertile 

flowers are blue and the sterile flowers white. W. J. Hooker, who gave 

this blue-flowered plant the varietal name listed here, said that it is more 

handsome than the pink and rose flowered plants pictured in Flora Japonica 

and Botanical Register. It is undoubtedly a eolor form of Hydrangea 

macrophylla subsp. macrophylla. 

Hydrangea Sitsitan Siebold, Nova Acta: Academia (caesarea) Leo- 

poldino-Carolina, 692, 1829. Based on garden material, Siebold considered 

Hydrangea Sitsitan to be a dubious species, perhaps a form of his A. 

hortensis. 

Hydrangea Thunbergu Siebold, |. c., 690. Siebold & Zucearini, Flora 

Japonica, 1: 111, t. 58, 1839 or 1840. Siebold cited Viburnum serratum 

Thunberg as a synonym of his Hydrangea Thunbergu but said that be- 

cause Thunbere’s description was incomplete and imperfect he was not 

certain whether his plant was the same. He said further that the plant 

was known to him only in cultivation although it was said to grow in the 

provinees of Awa and Sanuki on Shikoku and in the mountains of Honshu. 

From the illustration it appears that this plant may be H. macrophylla 

subsp. serrata. 

Hydrangea acuminata Siebold & Zucearini, Flora Japoniea, 1: 110, t. 56, 

1839 or 1840. The illustration shows a plant with blue flowers. Like /. 

Thunbergu, it is difficult to tell from the illustration whether the plant 

represents H. macrophylla subsp. serrata. However, since it was said to 

grow in the mountains of Honshu and Kyushu it may represent H. macro- 

phylla subsp. serrata rather than H. macrophylla subsp. macrophylla. 

Table 57 of the Flora Japonica, said also to represent Hydrangea acuminata, 
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shows a plant with capsules. The hypanthium of the capsule is somewhat 

abruptly constricted at the pedicel suggesting that the illustration should 

be referred to H. scandens subsp. scandens rather than H. macrophylla 

subsp. serrata. 

Hydrangea Azisai Siebold & Zucearini, Flora Japonica, 1: 104, t. 51, 

1839 or 1840. The plant illustrated has blue fertile flowers and several 

large pale blue sterile flowers, with some pubescence on the peduncles 

and pedicels. This name is based on a Japanese garden plant which Siebold 

and Zucearini said was much sought after as an ornament in gardens and 

eroves around temples. They said that it came originally from China and 

is so similar to the “Hortensia” that one can regard it as having had the 

same origin. 

Hydrangea Belzonii Siebold & Zucecarini, |. c., 109, t. 55. Siebold 

and Zucearini described Hydrangea Belzoni as frequently cultivated in 

Japanese gardens, and having two forms, one with all sterile flowers and 

the other with both fertile and sterile flowers. The flowers in both are 

blue. They distinguished it from other garden forms of Hydrangea macro- 

phylla subsp. macrophylla by its verticillate as well as opposite leaves. 

Hydrangea Burgeri Siebold & Zucearini, 1. c., 111, t. 57. This name 

was used by Siebold and Zucearini for a Japanese garden plant with both 

sterile and fertile flowers. It appears from the illustration to be H. macro- 

phylla subsp. serrata. 

Hydrangea Otaksa Siebold & Zucearini, |. c., 105, t. 52. The illustra- 

tion of Hydrangea Otaksa shows a plant with all sterile flowers and with 

leaves which appear to be thick in texture, as in H. macrophylla subsp. 

macrophylla. Siebold and Zucearini considered this plant to strongly resem- 

ble Siebold’s H. hortensia but preferred to keep it separate because of its 

obovate leaves and large clusters of blue flowers. It was, they said, rare 

in Japan and probably just recently imported from China. They also 

said that it was cultivated under the name of “Otaksa” in the botanical 

garden on the Isle of Deshima. It was on this small island in Nagasaki 

Bay that Thunberg and later Siebold stayed when they were in Japan 

and from whence came many of the plants which they both described. 

Hydrangea stellata Siebold & Zucearini, |. c., 112, t. 59. H. stellata 

is described and illustrated as having mostly sterile flowers which are 

double and blue but not numerous. There is no clue as to which form 

this represents of Hydrangea macrophylla. 

Hydrangea japonica rosalba Van Houtte, Flore des Serres, 16:75, tt. 

1649, 1650, 1865-1867. Of the two illustrations representing Hydrangea 

japonica rosalba one has an inflorescence having white sterile flowers and the 

other an inflorescence with rose-colored sterile flowers. Both have numerous 
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white fertile flowers surrounded by the sterile flowers and thick appearing 

leaves which suggest H. macrophylla subsp. macrophylla. 

Hydrangea Lindleyana Hort. ex Lavallée, Arboretum Segrezianum, 

124, 1877. This horticultural name was doubtless applied to one of the 

garden forms of H. macrophylla. Wavallée lists it as a synonym of H. 

Otaksa Siebold & Zucearini in his list of plants growing in the garden at 

Segrez in France. 

Hydrangea sinensis Hort. ex Lavallée, 1. c., 128. Lavallée listed this 

horticultural name as a synonym under H. japonica Siebold & Zucearini 

and doubtless it was one of the garden forms of H. macrophylla having both 

fertile and sterile flowers. 

Hydrangea macrocephala Hort. ex Dippel, Handbuch der Laubholz- 

kunde, 3: 322, 1893. This was a horticultural name published by Dippel 

as a synonym under his combination Hydrangea opuloides var. a Hor- 

tensia. It was said to have a very large inflorescence and doubtless refers 

to a garden form of H. macrophylla having all sterile flowers. 

Hydrangea mandschurica Hort. ex Dippel, /. c. 

Hydrangea nigra Hort. ex Dipple, 1. c., 323. Hydrangea mandschurica 

and H. nigra were horticultural names which Dippel published as synonyms 

under his combination H. opuloides var. cyanoclada, which he described as 

having dark purple young shoots and rose-colored, mostly sterile flowers. 

Hydrangea Sieboldii Hort. ex Dippel, l. c. Another horticultural name, 

this was published by Dippel under his combination H. opuloides var. Hor- 

tensia forma macrosepala, which he said had unusually large sterile flowers, 

and would doubtless be a garden form of H. macrophylla. 

Section II. CORNIDIA 

Section Cornidia (Ruiz & Pavén) Engler in Engler & Prantl, Natiirlichen Pflanzen- 

familien, 3, 2a, 76, 1891. 

Cornidia Ruiz & Pavon, Flora Peruviana et Chilensis Prodromus, 53, t. 35, 1794, 

as genus. 

Sarcostyles Pres] ex Seringe in DeCandolle, Prodromus, 4:15, 1830, as genus. 

Evergreen climbers, clinging by aerial rootlets, occasionally erect 

shrubs; leaves coriaceous; bracts few, broadly ovate, at base of inflor- 

escence, enveloping the unopened inflorescence, leaving noticeable scars 

on falling; stamens 10; ovary inferior; capsule truncate at apex; seeds 

elliptical. Mexican, and Central and South American species, except Hy- 

drangea integrifolia which is Philippine and Formosan. 

Type species: Hydrangea Preslii Briquet (based on Cornidia umbellata 

Ruiz & Pavon). 



232 CALIFORNIA ACADEMY OF SCIENCES [ Proc. 4TH SER. 

Subsection 1. MoNosEGIA 

Hydrangea, sect. Cornidia, subsect. Monosegia Briquet, Annuaire Conservatoire et 

Jardin Botaniques de Genéve, 20:396, 1919. 

Inflorescences consisting of single terminal cymes; flowers white or 

pink; sterile flowers present or absent. 

TYPE SPECIES: Hydrangea Preslu Briquet. 

12. Hydrangea Seemannii Riley, Kew Bulletin, 207. 1924. 

Woody climbers; branchlets ferruginous pubescent with stellate hairs 

about 0.3 mm. long; leaves oval, 5-20 em. long, 1.5-6 em. wide, about 3 

times as long as wide; upper surface glabrous, lower with few stellate 

hairs; margins entire; petioles 1-5 em. long; inflorescence glabrous; 

flowers white; sterile flowers usually present; hypanthium 1.5 mm. long; 

calyx lobes 4 or 5, 0.2-0.3 mm. long; petals 4 or 5, 2 mm. long, 1 mm. wide; 

stamens 8 or 10, 2.8 mm. long; styles 2 or 3, 1 mm. long during anthesis, 

clavate; capsule 2.5 mm. long, 3.5 mm. wide, mature styles 1.5 mm. long. 

DISTRIBUTION: Durango, Mexico, in the Sierra Madre Occidental, at 

approximate elevations of 2,000-2,600 meters. 

Type LocALity: Mexico. Durango: ‘in barraneas climbing and rooting 

on old trees, like Ivy,” at a locality in the Sierra Madre Occidental of 

Mexico called Rancho de Guadalupe between Mazatlan and Durango, at 

6,000 feet. Type collection: Seemann 2142 (holotype, K, isotype, BM). 

SPECIMENS EXAMINED: MEXICO. Durango: Sierra Madre. Seemann 

922 (K); about 35 miles west of El Salto, 2,400-2,500 m., McVaugh 11536 

(MICH, CAS); San Luis, 2,600 m., Maysilles 7223 (MICH, CAS). 

Hydrangea Seemanni is the only species of the genus known to occur 

in Mexico, where it has been found in the Sierra Madre Occidental be- 

tween Mazatlan and Durango in the State of Durango. In flower H. 

Seemann is readily recognized for it is one of two American species in 

the subsection Monosegia having white flowers. Its fruits, however, are 

indistinguishable from the pink-flowered H. Oerstedu and H. peruviana, 

and Seemann’s specimen, a fruiting one with faded sterile flowers, was 

generally placed in one or the other of these species before H. Seemanniw 

was created for it. H. Seemann has been known only from the type 

specimen until the collections of MceVaugh and Maysilles were made. The 

collection of Maysilles, a flowering one, has established the true relation- 

ship of this species. 
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13. Hydrangea asterolasia Diels, Notizblatt Koniglicher Botanischer Gar- 

ten und Botanisches Museum Berlin-Dahlem, 15: 370. 1941. 

Hydrangea epiphytica Morton ex Haworth-Booth in M. Haworth-Booth, The Hy- 

drangeas, p. 66, 1950. (Published without Latin diagnosis and without desig- 

nation of a type specimen; however, Skutch 3342 from Heredia, Costa Rica, 

was the basis of Morton’s herbarium name.) 

Woody climbers or shrubs; branchlets and inflorescence ferruginous 

tomentose with lax stellate hairs 0.5—0.8 mm. long; leaves oval, 5-10 em. 

long, 3-5 em. wide, 2—2.5 times as long as wide; upper surface glabrous; 

lower surface and petioles tomentose with gray or brown hairs; flowers 

white; sterile flowers usually present; hypanthium 1.5 mm. long; calyx 

lobes 4+, 0.5 mm. long; petals 4, 1.5-2 mm. long; stamens 8, rarely 10, 3-4 

mm. long; styles 2, 1-1.5 mm. long during anthesis, clavate; capsule 2 mm. 

=] 

Map 9. Distribution in Costa Rica and Panama of 

A Hydrangea Oerstedii 

M@ Hydrangea asterolasia 

@ Hydrangea peruviana 

<q Hydrangea diplostemona 

WV Hydrangea Preslii 
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long, 2.5 mm. wide at apex; mature styles 2 mm. long; seeds striate, 1 mm. 

long. (See plate 4, figure 3.) 

DISTRIBUTION: Mountains of central Costa Rica and Panama, Andes of 

Colombia and Ecuador, from 1,200 to 2,500 meters elevation. (See maps 

9 and 10.) 

TYPE LocaLity: Ecuador. Napo-Pastaza, Mera. Type collection: 

Schultze-Rhonhoff 2675 (destroyed, formerly B). No duplicate material 

of this collection has been located. Therefore, a topotype, Lugo 49 (S), is 

here designated as the neotype. 

SPECIMENS EXAMINED: COSTA RICA. San José: La Palma de San 

Ramon, 1,200-1,300 m., Brenes 3833 (F), 5265 (F), 5959 (F), 5226 (F); 

Las Nubes, 7,300 ft., Lankester K248 (F, K); Santa Maria de Dota, 

1,500 m., Valerio 1359 (F); El Roble, Stork 2029 (F); Irazu, Lankester 

1186 (F); Salitral de Desamparados, Pittier 1157 (BM). Herepia: Vara 

Blanea de Sarapiqui between Poas and Barba voleanos, Skutch 3342 (type 

collection of H. epiphytica, holotype US, isotypes A, MO, K, NY), 3339 

(MO, A, K, NY). Guanacaste: Palmira, 6,000 ft., Smith A502 (A, F, NY). 

ALAJUELA: Tapisco, 1,700 m., Smith 2745 (MO, F); region of Zarcero, 

Smith H470 (MO, F), 1281 (NY). PANAMA. Cuiriqui: Boquete dis- 

trict, Davidson 74 in part (A). COLOMBIA. Antioquia: Yarumal, Bro. 

Tomas 1618 (US). Without precise locality: Mutis 3670 (US). A specimen 

consisting of a leaf only (Garcia-Barriga 4896, US) collected at Yamara, 

intendaney of Meta, Colombia, may belong here. ECUADOR. Napo Pas- 

TAZA: Mera, Lugo 49 (S, selected as a neotype). 

Hydrangea asterolasia is distinguished from the other species in subsec- 

Map 10. Distribution in the northern Andes of 

A Hydrangea Oestedii 

WV Hydrangea asterolasia 

@ Hydrangea peruviana 

o Hydrangea diplostemona 

B Hydrangea Preslii 

@ Hydrangea tarapotensis 

* Hydrangea Mathewsii 

A Hydrangea Jelskii 

Inset: Distribution in Chile of 

@ Hydrangea serratifolia 
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tion Monosegia by the combination of its white flowers, its pubescence, and 

its leaf size. The pubescence, consisting of a ferruginous or grayish, stellate 

tomentum is similar to that seen in H. Mathewsti and H. Jelskii, both of 

subsection Polysegia. The leaves of H. asterolasia are generally smaller 

than those of the other species in this subsection. All of the specimens 

examined of this species had two styles which were always shorter than 

the stamens. The styles develop their stigmatic papillae during the bud 

stage and by early anthesis they are clavate and have a conspicuous stig- 

matic surface. 

14. Hydrangea integrifolia Hayata, Journal College of Science, Imperial 

University, Tokyo, 22: 131. 1906. 

Hydrangea integra Hayata, Journal College of Science, Imperial University, Tokyo, 

25(19):90. 1908. Type from Formosa, Kawakami & Mori 1723. 

Hydrangea glandulosa Elmer, Leaflets Philippine Botany, 2:473. 1908. Type from 

Negros Island, Philippine Islands, Elmer 9846. 

Hydrangea cuneatifolia Elmer, 1. c. 8:2825. 1915. Type from Sibuyan Island, Phil- 

ippine Islands, Elmer 10732. 

Woody climbers or shrubs, pubescence on inflorescence of coarse stellate 

hairs (0.15-0.25 mm. long) borne on short (0.05 mm. long) epidermal 

papillae, pubescence on stem dense, of fine stellate hairs with occasionally 

coarser hairs interspersed; leaves oval, 5-18 em. long, 3-9 em. wide, 1.5 

to 3.5 times as long as wide; margins entire to remotely denticulate; upper 

surface glabrous; lower surface mostly glabrous except for occasional seat- 

tered coarse hairs and clusters of fine hairs in the axils of the secondary 

veins; flowers white; sterile flowers present; hypanthium 0.8—1.3 mm. long; 

calyx lobes 4 or 5, 0.2-0.3 mm. long; petals 4 or 5, 1.4-2.2 mm. long; sta- 

mens 8-10, 1.5-4 mm. long; styles two or three, 0.8-1.2 mm. long during 

anthesis, clavate; capsules 1.5-2.5 mm. long, fruiting styles 1.5-2 mm. long. 

(See plate 4, figure 9.) 

DISTRIBUTION: Philippine Islands and Formosa. 

TYPE LocALITy: Formosa. Taito-cho: Taito. Type collection: Faurie 

105 (holotype TI, isotype BM). 

ILLUSTRATIONS : 

B. Hayata, 1908. Flora Montana Formosae in Journal College of Sci- 

ence, Imperial University, Tokyo, 25(19): plate 7, as H. integra. 

SPECIMENS EXAMINED: FORMOSA. Tainan-sHu: Arisan, 1,000—2,800 

m., Wilson 9691 (A, US), 1082 (A), Keng 1095 (US), Faurie 143 (A, G, 

BM), 144 (G, BM), Kanehira 2841 (NY, US). TaicHu-sHu: Niitaka-yama 

(Mt. Morrison), Kawakami & Mori 1723 (type collection of Hydrangea in- 

tegra (holotype TI, photo A); Mt. Nanko, 7,000—-8,000 ft., Sasaki W268 (A). 
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PHILIPPINE ISLANDS. Luzon Isuanp: Mountain Province: Ifugao Sub- 

province, Mt. Polis, McGregor in 1913 (UC, P, US), Celastino in 1948 (A); 

Benguet Subprovinee, Mt. Mangaoto, Quisumbing & Sulit 6874 (NY), 

Pauai, Merrill 4771 (K), Santos in 1918 (UC, P, K, A); Bontoe Subprov- 

ince, Mt. Pukis, Ramos & Edano in 1920 (US, P, K). Rizal Province: 

Loher in 1913 (UC, A), Batay, Loher 5992, in 1905 (K), Mt. Anilog 

Ramos in 1922 (A, P, K, US), Montalban, Loher 13179 (UC, P). Laguna 

Province: Mt. Cristobal, Sulit et al. in 1927 (NY, UC), Juliano 1082 (UC), 

Canicosa in 1922 (A, P, K, US). Leyte Isuanp: Dagami, Ramos in 1912 

(US, P, K). Srpuyvan Isuanp: Mt. Guitineuitan, Elmer 10732 (type col- 

lection of Hydrangea cuneatifolia, isotvpes NY, E, G, GH, K, A). NEGrRos 

Isnanp: Negros Oriental Province: Cuernos de Negros near Dumaguete, 

Elmer 9846 (type collection of Hydrangea glandulosa, isotypes NY, EH, G, 

GH, P, K, A). Minpanao Isuanp: Cotabato Provinee: Mt. Apo, Clemens 

one 924 (NY, 2, UC): 

Hydrangea integrifolia is the only species of the section Cornidia found 

in the Old World, where it occurs in Formosa and the Philippine Islands. 

The character of its inflorescence, consisting of a single terminal cyme, 

places it in the subsection Monosegia. It is further characterized by having 

both sterile and fertile flowers which are white, and fertile flowers which 

have 4 or 5 sepals and petals and 8 or 10 stamens. These characters are 

also found in H. Seemanni, so that even though H. Seemanni and H. integ- 

rifolia are widely separated geographically, they resemble each other very 

closely. 

15. Hydrangea Oerstedii Briquet, Annuaire Conservatoire et Jardin 

Botaniques de Genéve 20: 407. 1919. Based on Cornidia radiata 

Oersted. 

Cornidia radiata Oersted, Dansk. Naturhist. For. Kjoebenhavn, Vidensk. Meddel., 

42. 1856. Non Hydrangea radiata Walter, Flora Caroliniana 251. 1788. 

Hydrangea durifolia Briquet, Annuaire Conservatoire et Jardin Botaniques de 

Genéve, 20:406. 1919. Type from Norte de Santander, Colombia, Funk & 

Schlim 1393. 

Hydrangea Schlimii Briquet, 1. c. 400. Type from Norte de Santander, Colombia, 

Linden 1139. 

Hydrangea Goudotii Briquet, 1. c., 404. Type from Caldas, Colombia, Goudot s. n. 

Hydrangea platyphylla Briquet, 1. c., 401. Type from Tolima, Colombia, Linden 894. 

Woody climbers or shrubs; branchlets and inflorescence pubescent with 

erect, single or stellate hairs 0.1-0.3 mm. long, or occasionally additional 

longer, simple ones; leaves oval, 10-21 em. long, +-9 em. wide, about 1.5 

times as long as wide; pubescence on lower surface similar to that of the 

inflorescence; upper surface glabrous; margins remotely denticulate to 

nearly entire; petiole 1-3 em. long; flowers pink; sterile flowers present; 
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hypanthium 1-1.5 mm. long; calyx-lobes 4, 0.5 mm. long; petals 4, 1-2 mm. 

long, 1 mm. wide; stamens 8, 2-4.5 mm. long; styles 2, rarely 3, 0.3-1 mm. 

long, slender, acute at apex, the stigmatic surface inconspicuous during 

anthesis; capsule 2 mm. long, 2.5 mm. wide at apex, the mature styles 

2 mm. long, with conspicuous stigmatic surtace; seeds linear, striate, 0.5 mm. 

long. 

DISTRIBUTION: Mountains of Central Costa Rica and Panama, and the 

Andes of Colombia, Ecuador and Peru, from 1,300 to 3,000 meters eleva- 

tion. (See maps 9 and 10.) 

TYPE LOCALITY: Costa Rica. San José: Candelaria. Type collection 

of Cornidia radiata: Oersted 1782 (holotype C, isotypes, C, US, K, F). 

SPECIMENS EXAMINED: COSTA RICA. San José: Candelaria, Oersted 

Feb. 1847 (C, US). Auagsueta: Fraijanes, 1,500-1,700 m., Standley & 

Torres 47755 (US). Cartaco: Tapanti, 1,300 m., Valerio 1658 (F). Lo- 

calities uncertain or not precisely stated: Warscewicz s. n. (fragment G, 

photo F); Hubsch in 1887 (kK); San Carlos de Ramén, Endres 505 (W). 

The following fruiting specimens from Costa Rica may belong to this 

species: ALAJUELA: region of Zarcero, Smith A737; La Palma de San 

Ramon, Brenes 6736, Tonduz 12507. Carvaco: Friedrichsthal 1431 (W). 

San José: La Hondura, Standley 36583, 37781; Santa Maria de Dota, 

Standley & Valerio 44125. PANAMA. Cuiriqui: Rio Chiriqui Viejo, 

1,800—2,000 m., Allen 1400 (MO, GH, US); Baja Mono and Quebrada Chi- 

quero, 1,500 m., Woodson & Schery 511 (MO, GH, US). Coci#: El Valle 

de Anton, 1,000 m., Allen 2693 (MO, US). COLOMBIA. Antioquia: Yaru- 

mal, Jervise s. n. (KK); Narino, en la quebradito de El Oso, 1,900 m., Uribe 

1913; San José de San Andrés, Correa & Velasquez 45, (US, MEDEL). 

Cautpas: San Félix, Bro. Tomas 1859 (US); “massif du Quindio 4 Porti- 

ohulla,”’ Goudot s. n. (type collection of Hydrangea Goudotu, holotype 

G); Manizales, Triana s. n. (K). Cunpitamarca: Zipaquira, Huertas & 

Camargo 32a (EF); Sasaima, Garcia-Barriga 12556 (US); Bogota, Hol- 

ton 661 (PH, K). Cauca: San José, Pennell 7607 (PH, GH, NY). Huma: 

La Plata, Sneidern 2811 (S). Norte de Santander: Pamplona, Funck d& 

Schlim 1393 (type collection of Hydrangea durifolia, holotype G, fragment 

and photo F); Culaga Valley, 1,500-2,100 m., Killip & Smith 20477 (US, 

GH, A, NY); Oceano, Linden 1139 (type collection of H. Schlimia, holo- 

type G). SANTANDER: La Baja, 3,000 m., Killip & Smith 18366 (A, GH, 

US); Las Vegas, 2,600-3,000 m., Killip & Smith 16079 (US, GH, A), 16089 

(US, S, F, GH, A, BM, NY). Putumayo: La Cabana, 2,800 m., Cwatrecasas 

11639 (US, F). Tota: Ibaqué, Goudot s. n. (G, W.); Mariquita, Linden 

894 (type collection of Hydrangea platyphylla, holotype G, isotypes K, W, 

fragment and photo F, photos US, A, NY). VauLe: Almorzadero, 2,980 m., 

Cuatrecasas 18113 (F). Localities uncertain or not precisely stated: Com- 
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bayma, Goudot s. n. (G), Triana 358 (P, in part US); Triana 359 (US, 

PK): friana’s. n. (MICH, G); Mutts 3667 (US, K, S, G), 3668,-CUS), 

38671 (US); Linden 768 (W). ECUADOR. CuHimBorazo: Mt. Chimborazo, 

3,000 m., Spruce s. n. (K). Losa: Tambo Cachijaeu, Steyermark 54751 

(US, F, NY). PicnHrncHa: Oya Cachi, Acosta-Solis 11144 (F). PERU. 

San Martin: Rio Almirante, Sandeman 168 (K). 

Hydrangea Oerstedu has been said by Standley (Flora of Costa Rica 

in Field Museum of Natural History—Botany 28:474. 1937) to be “a 

seandent shrub, climbing over tall trees, or sometimes an erect shrub or 

tree” and to be “one of the most beautiful plants of Costa Rica because 

of its broad cymes of showy flowers, which are not inferior in beauty 

to those of cultivated species.” The cymes are composed of pink fertile and 

sterile flowers. The fertile ones are small but numerous, and are sur- 

rounded by the larger, more conspicuous sterile ones. 

Hydrangea Oerstedit is the only species in the subsection Monosegia 

in which the styles are always shorter than the stamens. During early an- 

thesis, they are less than 1 mm. long, attenuate toward the apex and 

without evident stigmatic papillae. Sometime during late anthesis, they 

become longer and stigmatic papillae begin to develop, and at maturity 

they are thickened at the apex and have a conspicuous stigmatic surface. 

The latent development of the stigmatic surface, known only in this species 

of subsection Monosegia, occurs also in A. serratifolia in subsection 

Polysegia. 

Hydrangea Oerstedii is very closely related to H. perwviana. A discussion 

of this relationship will be found under H. perwviana. 

16. Hydrangea peruviana Moricand, in DeCandolle, Prodromus, 4: 14. 

1830. 

Cornidia peruviana (Moricand) Small, North American Flora, 22:161. 1905. 

Hydrangea Trianae Briquet, Annuaire Conservatoire et Jardin Botaniques de 

Genéve, 20:403. 1919. Type from Tolima, Colombia, Triana in 1851-1857. 

Hydrangea panamensis Standley, Journal Washington Academy Science, 17:10. 1927. 

Type from Colon, Panama, Pittier 3919. 

Hydrangea Weberbaueri Engler, in Engler and Prantl, Nattrlichen Pflanzen- 

familien, ed. 2, 18a:207. 1930. Type from Amazonas, Peru, Weberbauer 3272. 

Hydrangea caucana Engler, 1. c. 206. Type from Cauca, Colombia, Lehmann 5106. 

Hydrangea Lehmannii Engler, 1. c. 207. Type from Andes near Cali, Colombia, 

Lehmann 9074. 

Woody climbers or shrubs; branchlets and inflorescence pubescent with 

erect, stellate hairs 0.3-0.5 mm. long, older portions of stem covered with 

coarse, linear trichomes; leaves oval, 10-25 em. long, 5-15 em. wide, 2-3 

times as long as wide, both surfaces glabrous or occasionally pubescent, 
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margins entire to remotely denticulate; flowers pink; sterile flowers present; 

hypanthium 1.5 mm. long; calyx-lobes 4, 0.4 mm. long; petals 4, 1.5 mm. 

long, 1 mm. wide; stamens 8, 0.4-1.6 mm. long; filaments shorter than 

styles; styles 2, rarely 3, 1-2 mm. long during anthesis, clavate; capsule 

2 mm. long, 2.5 mm. wide at apex, mature styles 2 mm. long. (See plate 

4, figure 4.) 

DiIsTRIBUTION: Mountains of central Costa Rica and Panama, Andes 

of Colombia, Ecuador and Peru, from 1,200 to 3,200 meters elevation. (See 

maps 9 and 10.) 

ILLUSTRATION : 

Saxifragaceae in Flora of Panama, Annals of the Missouri Botanical 

Garden, 37: 141. 1950. 

TYPE LOCALITY: Ecuador. Guayas: Guayaquil. Type collection: Pavon 

s. n. (holotype G, photo F). 

SPECIMENS EXAMINED: COSTA RICA. ALAsuELA: La Pena de Zarcero, 

4,000 ft., Smith A685 (F, MO); La Palma de San Ramon, 1,200—1,300 m., 

Brenes 3807 (F), 5163 (F), 3984 (F). Cartaco: Alto de la Estrella, 

Standley 39080 (US). Herepia: Vara Blanea de Sarapiqui, between Poas 

and Barba Voleanos, 1,680 m., Skutch 3393 (US, K, S, MO). San Joss: 

La Palma, 1,600 m., Standley 33163 (US, A); Tablazo, 1,800 m., Valerio 

1247 (F); near Finea La Cima, north of El Copey, 2,100-2,400 m., Stand- 

ley 42569 (US); San Isidro de Coronada, Allen 534 (A, F'); La Hondura, 

1,300-1,700 m., Standley 36249 (US). PANAMA. Co.oén: along Rio Fato, 

10-100 m., Pittier 3919 (type collection of Hydrangea panamensis, holo- 

type US, isotypes NY, GH, C, A, BM, F). Cuiriqui: Bajo Chorro, Boquete 

district, 6,000 ft., Davidson 74 in part (MO, F, US); Valley of the upper 

Rio Chiriqui Viejo, White 90a (MO). Coci&: El Valle de Anton, 1,000 m., 

Allen 3712 (US, G, E, F). COLOMBIA. Antioquia: La Ceja, 3,200 m., 

André 2186 (K, F, US); Santa Elena, 2,300-2,500 m., Medina 239 

(MEDEL). Catpas: La Selva, 1,600—-1,900 m., Snerdern 5265 (CAS, F); 

Manizales, Triana s. n. (BM). Cauca: Aguabonita, 2,280 m., Cuatrecasas 

23547 (EF). Cimarronas, 1,200-1,600 m., Lehmann 5106 (type collection 

of Hydrangea caucana, isotypes F, K); El Tambo, Snerdern 628 (F, 8S), 

817 (S), 1402 (S). Totima: Quindio, Triana in 1851-1857 (type collec- 

tion of Hydrangea Trianae, type G, photo and fragment F}). VALLE: Piedra 

de Moler, 900-1,180 m., Cuatrecasas 14974 (F); between Queremal and 

La Elsa, 1,160-1,200 m., Cuatrecasas 23994 (F); La Elsa, 1,000-1,200 m., 

Cuatrecasas 15326 (F); between Los Carpatos and El Olivo, 2,025—2,920 m., 

Cuatrecasas 21935 (F); Cali, Lehmann B. T. 623 (NY, K), 9074 (type col- 

lection of Hydrangea Lehmannii, isotype Kk), 2929 (G). Without precise 

locality: Bro. Ariste-Joseph 820A (US); Purdie wn 1825 (K); Triana 358 
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in part (K); Lobb s.n. (K); Pérez-Arbelaez 3072 (US). ECUADOR. Napo- 

PasraZa: Mera, Lugo 126 (fruiting specimen, determination not certain, S); 

valley of Rio Papallacta, Asplund 8782 (S). Cumrporazo: Canelos, Spruce 

5380 (K, W). PicHIncHa: Karsten s. n. (W); Quito, Jameson s. n. (K), 

586 (EK). Without precise locality: Heinrichs 741 (G, NY). PERU. Ama- 

ZONAS: Cheto, Weberbauer 3272 (type collection of Hydrangea Weber- 

bauert, isotype G, photo and fragment F). Without precise locality: 

Pavon s. n. (P). 

Hydrangea peruviana has the same showy inflorescences which are 

seen in H. Oerstedu. So close are these two species to each other that they 

ean be distinguished only by the relative length of the stamens and styles 

of the two. In H. Oerstedvi the styles are always shorter than the stamens 

and the styles develop their stigmatic surfaces during anthesis, while in 

H. peruviana the styles are the same length as, or longer than, the stamens, 

and the styles develop their stigmatic surfaces during the bud _ stages. 

The stamens in H. Oerstedit, besides being longer than the styles, have 

well developed anther sacs, which, in most of the stamens examined, were 

full of pollen. However, in H. peruwviana, the stamens, which scarcely ex- 

ceed the styles, have small and undeveloped anther sacs which contained 

no pollen in any of the specimens examined. The close morphological re- 

semblance and the overlapping geographic distribution of these two species, 

together with the undeveloped anthers of H. peruwviana and the latent 

development of the style of H. Oerstedii, suggest that the two may repre- 

sent the two forms of a dimorphic species. 

17. Hydrangea diplostemona (Donnell Smith) Standley, Journal Wash- 

ington Academy of Science, 18: 160. 1928. 

Gilibertia diplostemona Donnell Smith, Botanical Gazette, 61:373. 1916. 

Hydrangea Sprucei Briquet, Annuaire Conservatoire et Jardin Botaniques de 

Genéve, 20:412. 1919. Type from San Martin, Peru, Spruce 4328. 

Hydrangea inornata Standley, Journal Washington Academy of Science, 17:9. 1927. 

Type from Cartago, Costa Rica, Pittier 14068. 

Woody climbers or shrubs; branchlets and inflorescence pubescent with 

stellate hairs 0.3-0.5 mm. long, or occasionally longer, lax, simple hairs; 

leaves oval, 15-25 em. long, 5-15 em. wide, 2-3 times as long as wide; 

upper surface glabrous; lower surface occasionally pubescent; margins 

entire; petiole 1.5-2.5 em. long; flowers pink; sterile flowers usually absent; 

hypanthium 1—-1.5 mm. long; calyx-lobes 4, 0.5 mm. long; petals 4, 1.5-2 

mm. long; stamens 8, rarely 10, 2-3 mm. long; styles 2 or 3, 1-1.5 mm. 

long, coherent in bud, more or less spreading to completely separate in 

anthesis; mature fruits not seen. (See plate 4, figure 7.) 
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DISTRIBUTION: Mountains of central Costa Rica, and northern Andes, 

from 600 to 1,500 meters elevation. (See maps 9 and 10.) 

TYPE LOCALITY: Costa Rica. Cartago: forests of Tuis. Type collection 

of Gilbertia diplostemona: Pittier 14068 (holotype US, Herb. No. 1417096). 

SPECIMENS EXAMINED: COSTA RICA. AxLagsuELa: San Carlos, 1,025 m., 

Smith H1643 (A, F, MO). Carraco: forests of Tuis, 700 m., Pitter 14068 

(holotype of Hydrangea inornata, US, Herb. No. 577962); Irazti voleano, 

near Guayabillos, Cufodonti 392 (G). COLOMBIA. Totima: Quindio, 

Tinden 1097 (G). PERU. Huanuco: Rio Pozuzo, 1,300-1,400 m., Weber- 

bauer 6744 (US, GH, F); Pampayacu, Sawada P44 (F). San Martin: 

Tarapoto, Spruce 4328 (type collection of Hydrangea Sprucet, holotype 

G, isotypes E, C, GH, W, K.) 

Hydrangea diplostemona is a poorly defined entity, being characterized 

chiefly by its coherent styles. The styles, coherent during the bud stages, 

separate sometime during anthesis. The styles, when separate, have a 

conspicuous stigmatic surface and are shorter than the stamens. The 

anthers always appear well developed. Sterile flowers are usually absent, 

although two specimens have them, Snuth H1643 and Cufodonti 392. The 

Geneva specimen of Cufodonti 392 is in anthesis but has only a few flowers 

with the styles united. The Vienna specimen of this collection has young 

fruits and, because it has sterile flowers, it appears to be like H. Oerstedi. 

The collection of Spruce 4328, without sterile flowers, is represented in 

several European herbaria. The specimen at Geneva is one of two col- 

lections cited by Briquet under his H. Sprucer. He did not designate either 

as the type, but since he named his species for Richard Spruce, the speci- 

men collected by Spruce should, or doubtlessly may, be considered to be 

the type. The other specimen, Schlim 1140, belongs to H. Presliu. The 

Geneva specimen of Spruce 4328, partly in bud and partly in anthesis, 

has coherent styles in the buds; in anthesis the styles are separate. Of the 

three sheets at Kew, the flowers in bud and in anthesis have the same 

condition of the style as the Geneva specimen; however, an inflorescence 

with flowers in late anthesis has the styles separate, without a trace of 

being coherent, and the inflorescence appears to be like that of H. Presli. 

A specimen in the British Museum of Natural History has fairly well 

developed capsules, and also appears to be like H. Preslia. 

18. Hydrangea Preslii Briquet, Annuaire Conservatoire et Jardin Botan- 

iques de Geneve 20: 409. 1919. (Based on Sarcostyles peruviana 

Pres] 1830.) 

Cornidia umbellata Ruiz & Pavon, Systema Vegetabilium, 91. 1798. Type from Peru, 

Pavon, s. n. 
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Sarcostyles peruviana Pres] in DeCandolle, Prodromus, 4:16.1830. Non Hydrangea 

peruviana Moricand in DeCandolle, Prodromus, 4:14. 1830. 

Hydrangea umbellata (Ruiz & Pavon) Briquet, Annuaire Conservatoire et Jardin 

Botaniques de Genéve, 20:411. 1919. Non Hydrangea umbellata Rehder, Plantae 

Wilsonianae, 1:25. 1911. Based on Cornidia umbellata Ruiz & Pavon. 

Hydrangea ecuadorensis Briquet, J. c., 410. Type from Tungurahua, Ecuador, 

Spruce 5058. 

Hydrangea Briquetii Engler in Engler and Prantl, Natiirlichen Pflanzenfamilien, 

18a: 207, ed. 2. 1930. Based on Hydrangea umbellata (Ruiz & Pavon) Briquet. 

Woody climbers or shrubs; branchlets and inflorescence pubescent with 

single or stellate hairs, 0.1-0.2 mm. long; leaves oval, 9-20 em. long, 2—10 

em. wide, 2-3 times as long as wide, margins entire; petiole 15-20 mm. 

long; flowers pink; sterile flowers absent; hypanthium 1.5 mm. long, calyx- 

lobes 4, 0.5 mm. long; petals 4, 1.5-2 mm. long, 1 mm. wide; stamens 8, 

1.5-3 mm. long; styles usually 3, occasionally 4, 1-1.5 mm. long, occasion- 

ally thickened at base; capsule 2 mm. long, 2.5 mm. wide at apex, mature 

styles 1.5-2 mm. long. (Sée plate 4, figure 6.) 

DISTRIBUTION: Mountains of central Costa Rica and Panama, Andes 

of Colombia, Eeuador and Peru, from 1,000 to 2,500 meters elevation. 

(See maps 9 and 10.) 

Type LocaLity of Sarcostyles peruviana Presl: Peru. Type collection: 

Haenke s. n. (isotype MO). 

SPECIMENS EXAMINED: COSTA RICA. San Jost: El General, 1,100 m., 

Skutch 2630 (A, NY, S, MO, K, MICH), 2538 (A, S, NY, K, MO). PAN- 

AMA. Cocuié&: La Mesa, 1,000 m., Allen 2332 (US). COLOMBIA. Norte 

DE SANTANDER: Pamplona, Schlim 1140 (G). ECUADOR. TuNcURAHUA: 

Banos, Spruce 5058 (type collection of Hydrangea ecuadorensis, holotype 

G, isotypes E, BM, K, W). PERU. Amazonas: Molinopampa, 2,400 m., 

Weberbauer 4385 (fragment F). HuAnuco: Muna, Macbride 3692 (F, 

US), Pearce 183 (K); Rio Pozuzo, Weberbauer 6776 (US, GH, F). Junin: 

San Ramon, 1,300-1,700 m., Schunke A356 (US, F); Huaecapistana, Sande- 

man 4455 (K). San Martin: Zepelacio, 1,100-1,800 m., Klug 3653 (MO, 

US, BM, K, NY, A, GH, CAS, S, F); Tarapoto, Spruce 4452 (K). With- 

out precise locality: Haenke 109 (W, may be an isotype of Sarcostyles 

peruviana). 

Hydrangea Preslii is the only species in the subsection Monosegia 

which always lacks sterile flowers. The styles are usually three, but some- 

times there are two or four. The styles have a conspicuous stigmatie sur- 

face in the bud and anthesis stages. The length of the stamens is some- 

what variable in relation to the style; they may be approximately the 

same length as the styles to as much as three times their length. 
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The relationship of this species to H. diplostemona has been discussed 

under this species. 

19. Hydrangea Steyermarkii Standley, Field Museum Publications, Bot- 

any, 22:233. 1940. 

Woody climbers, branchlets and inflorescence ferruginous tomentose 

with lax, stellate hairs about 0.5 mm. long; older portions of stem covered 

with coarse linear trichomes; leaves obovate to oblong, broadest above 

middle, 6.5-16 em. long, 4-9 em. wide, petioles 1—2.5 em. long; flower color 

not known; sterile flowers absent; calyx lobes 5, occasionally 4, 1-2 mm. 

long, deltoid to semi-orbicular, variable in shape and size on individual 

flowers; petals not seen; stamens not seen; styles 2; capsule 2.5 mm. long, 

3 mm. in diameter at apex, fruiting styles 1-2 mm. long. 

DISTRIBUTION: Central Guatemala, from 1,500 to 3,000 meters elevation. 

TYPE LOCALITY: Guatemala. San Mareos: along Quebrada Canjula 

between Sibinal and Canjula, Voleéan Taeana, 2,200-2,500 m. Type eol- 

lection, Steyermark 36044 (type F). 

SPECIMENS EXAMINED (sterile or juvenile specimens only): GUATE- 

MALA. San Marcos: between Canjulé and La Union Juarez, near south- 

east portion of Volean Tacana, 2,000—-3,000 m., Steyermark 3641; between 

Tajumuleo and Tecutla, northwestern slopes of Volean Tajumuleo, 1,800- 

2,500 m., Steyermark 36812; Baranea Eminencia, between San Marcos and 

San Rafael Pie de la Cuesta, 2,500—-2,700 m., Standley 86500, 86454, 86408. 

QUEZALTENANGO: western slopes of Volean Zunil, 1,500 m., Steyermark 

35109. KEL PRoGREsso: between Finca Piamonte and top of Montana Pia- 

monte, along Joya Pacayul, 2,500-3,000 m., Steyermark 43635. ALTA VERA- 

PAZ: mountains along road between Tactic and the divide on road to Tam- 

ohu 1,500-1,600 m., Standley 91325. SUCHITEPEQUEZ: Volean Santa Clara, 

Steyermark 46680. HuUEHUETENANGO: wet cloud forest at Cruz de Limon, 

Steyermark 49826; Cerro Huitz, Steyermark 48536. 

Hydrangea Steyermarki is the only species of the genus found in Guate- 

mala. The type specimen, the only fertile specimen seen, is in fruit; the 

flowers are not known. A number of sterile or juvenile specimens from 

Guatemala and which doubtless belong to this species, give some idea of 

its distribution. 

Subsection 2. POLYSEGIA 

Hydrangea, sect. Cornidia, subsect. Polysegia Briquet, Annuaire Conservatoire et 

Jardin Botaniques de Genéve, 20:396, 1919. 

Inflorescences consisting of a series of cymes, one above another, rarely 

of a single terminal cyme. Flowers white; sterile flowers always absent. 
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TYPE SPECIES: Hydrangea serratifolia (Hooker & Arnott) Philippi f. 

20. Hydrangea serratifolia (Hooker & Arnott) Philippi f., Plantarum 

Vaseularium Chilensium 97. 1881. 

Hydrangea scandens Poeppig, in DeCandolle, Prodromus, 4:666. 1830. Non Hydran- 

gea scandens (L. f.) Seringe in DeCandolle, Prodromus, 4:15. 1830. Nec Hy- 

drangea scandens Maximowicz, Mémoires Académie Impériale des Sciences 

de St. Pétersbourg, Series 7, 10 (16):16. 1867. Type from Chile, Poeppig in 

1829. 

Cornidia integerrima Hooker & Arnott, Botanical Miscellany, 3:344. 1833. Two 

syntypes from Chile: Valparaiso, Cuming 398; Nuble, Bridges 532. 

Cornidia serratifolia Hooker & Arnott, I. c. 

Hydrangea integerrima (Hooker & Arnott) Engler, in Engler and Prantl, Natiir- 

lichen Pflanzenfamilien, 3(2a):76, ed. 1, 1891. 

Woody climbers or shrubs; young branchlets, leaves, and inflorescence 

pubescent with erect, stellate hairs, or occasionally additional longer, sim- 

ple hairs; leaves oval, 7-14 em. long, 3-5 em. wide, 2-3 times as long as 

wide, margins entire or remotely serrate; both surfaces glabrous, lower 

often with scattered punctations and pockets along midrib (perhaps caused 

by an insect) ; flowers white, all fertile; hypanthium 1.5-2 mm. long; calyx- 

lobes 4, acute to broadly ovate, 0.2-0.5 mm. long; petals 4, 2-2.5 mm. long; 

stamens 8, rarely 10, 3-7 mm. long; styles 3, occasionally 2 or 4, 0.5-1 mm. 

long during anthesis, acute at apex; capsules 2.5-3 mm. long; fruiting 

styles 2—2.5 mm. long, clavate. (See plate 4, figure 10.) 

DiIsTRIBUTION: Central Chile and adjacent Argentina, about 800—1,500 

meters elevation. (See Map 10, inset). 

TypE LocaLity: Chile. Chiloé: Island of Chiloé. Type collection: 

Cuming 34 (holotype K, isotypes G, BM, E). 

ILLUSTRATIONS : 

Curtis’s Botanical Magazine, new series, table 153, 1951, as H. integer- 

rima. 

SPECIMENS EXAMINED: ARGENTINA. Rio NrEGro: Puerto Blest, Lake 

Nahuel Hualpi, Burkhart 6361 (F), Cordoni 6 (US), Parodi 11797 (GH), 

11795 (GH). CHusutr: Lago Menendez, Cerro Torrecillos, Castellanos 

117650 (Feb. 2, 1945) (G). CHILE. Aconcagua: Valle de Marga-Marga, 

Jaffuel & Pirion 3282 (GH), Jaffuel 242 (GH). Aystn: Dusen January 

1897 (O); Puerto Aysén, Pirion 3472 (GH), Looser 4805 (GH). Bio Bro: 

Pailahueque, Pirion 195 (GH); Antuco, Poeppig 760 (BM, W). Cautin: 

Cuneo, Aravena 18050 (UC); Maquehue, Jorton in 1906 (G, BM); Temuco, 

Bro. Claude-Joseph 4676 (US), Sargent in 1906 (MO, A), Elliott 592 (FE, 

GH, K); Rio Cautin, Hollermeyer in 1919 (G). Cuito&: Piruquina, Junge 
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112 (MO); Island of Chiloé, Capt. King (collected during voyage of the 
Adventure 1826-30) (BM, K), Skottsberg 373 (S). Curtcé6: Werderman 

(G, F, US, NY, CAS, MO, UC, E, K, S, GH, BM). Mauueco: Puren, Bro. 

Claude-Joseph 3020 (US). Nuble: Chillan, Germain in 1855 (W, G, P, BM, 

GH, F), Elwes Dec. 27, 1901 (K); Bustamente, Bridges 532 (syntype of 

Cornidia integerrima K, BM, G, E). Osorno: Philippi & Borchers Jan. 1, 

1885 (BM), Wall & Sparre 39. Tauca: Camarico, Moreira Feb. 1926 (GH). 

Vaupivia: Pearce 109 (BM), Gay 395 (P), Hollermeyer 32 (UC), Sar- 

gent in 1906 (A), Philippi s. n. (US, F, A), 742 (W), 651 (W), Buchtien 

in 1896 (US, E, GH, BM); near Pichi, Hohenacker 389 (P, W, O); Los 

Lagos, Behr 1140 (MO, UC). Vauparatso: Valparaiso, Cuming 398 (syn- 

type of Cornidia integerrima K, BM, EF). Localities uncertain or not pre- 

cisely stated: Poeppig in 1829 (type collection of Hydrangea scandens, 

isotypes MO, W), Bro. Claude-Joseph 2629 (US), Shayman in 1870 (G), 

Gay s.n. (GH, P), Hartweg 127 (P), Comber 564 (H, K). 

In Hydrangea serratifolia the inflorescence is considered to be com- 

pound, consisting of a series of cymes, one above the other, and the species 

is therefore placed in subsection Polysegia. However, in a few collections 

examined (Bro. Claude-Joseph 3020 and Sargent in 1906), the inflores- 

cences are solitary and in one other (Morton in 1906), they are both soli- 

tary and compound. The pubescence on the inflorescence is also variable. 

Short, stiff, stellate hairs occur in some instances, while in others longer, 

flexuous, more dense hairs are found. Aside from these variations, how- 

ever, the species is immediately distinguished from the other members of 

Polysegia by its short styles, resembling those of H. Oerstedw in the latent 

development of the stigmatic surface, and in its long stamens, which are 

three to seven times as long as the styles. Its distribution in central Chile 

from the province of Coquimbo to the Island of Chiloé is far to the south 

of that of the other species in the section Cornidia. 

21. Hydrangea tarapotensis Briquet, Annuaire Conservatoire et Jardin 

Botaniques de Geneve, 20: 201. 1919. 

Hydrangea Bangii Engler in Engler & Prantl, Nattirlichen Pflanzenfamilien, ed. 2. 

18a:207. 1930. Type from La Paz, Bolivia, Bang 1437. 

Hydrangea antioquiensis Engler, l. c. Type from Antioquia, Colombia, Lehmann 4617. 

Woody climbers or shrubs, branchlets and inflorescence pubescent with 

stellate hairs; leaves oval to obovate, broadest near middle or in upper 

quarter, 9-15 em. long, 4-9 em. wide, 1.5—2 times as long as wide; both sur- 

faces glabrous; flowers white, all fertile; hvpanthium 0.7 mm. long; calyx 

lobes 4, acute to broadly ovate, 0.8 mm. long; petals 4, 1.8-2.1 mm. long; 

stamens 8, 2-3 mm. long; styles 1 to 3, coherent in buds and more or less 

coherent to entirely separate during anthesis, 1-2 mm. long; mature cap- 

sules not seen. (See plate 4, figure 8.) 
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DistriBuTION: Andes of Colombia, Bolivia, and Peru from 800 to 1,500 

meters elevation. (See Map 10.) 

Type LOCALITY: Peru. San Martin: Tarapoto. Type collection: Spruce 

4349 (holotype G, isotypes C, E, GH, W, fragment and photo F). 

SPECIMENS EXAMINED: COLOMBIA. Antioquia: Lehmann 4617 (type 

collection of Hydrangea antioquiensis, isotype K). Boyack: El Humbo, 

Lawrence 775 (MO, G, A, E, F, K). Maapauena: Santa Marta Mts., H. A. 

Smith, 2627 (K, US, PH, NY, F, A, 8S, GH). BOLIVIA. La Paz: Tipuani, 

Bang 14357 (type collection of Hydrangea Bangii, isotypes F, E, PH, BM, 

US, GH, A, W, MO). Wirnour Precise Locauity: Mutis 3669 (US). 

The inflorescence of Hydrangea tarapotensis is compound as in H. 

serratifolia, and like this species, there are occasional individuals (Smith 

2627) in which the inflorescence is solitary. H. tarapotensis is distinguished 

from H. serratifolia by the coherence of its styles, which develop their 

stigmatic surfaces during anthesis, and its shorter stamens, as well as its 

somewhat broader leaves and its more northerly distribution. 

22. Hydrangea Jelskii Szyszylowicz, Rozprawy Akademija Umiejetnosci 

wydzial Matematyezno-Przyrodniezy, series 2, 9: 215. 1895. 

Woody climbers; inflorescence stellate pubescent with lax hairs, 0.3-0.5 

mm. long; leaves oval, 8-13 em. long, 3.5-7.5 em. wide, approximately two 

times as long as wide; lower surface stellate pubescent, clusters of hairs 

borne on epidermal papillae, midrib and secondary veins prominent; upper 

surface glabrous or with scattered stellate hairs; petiole 0.8-1 mm. long, 

stellate pubescent; flowers (?) white, all fertile; hypanthium 1.5 mm. long, 

stellate pubescent; calyx lobes 4, broadly ovate, 0.1-0.2 mm. long; petals 

4, 1.2 mm. long; stamens 8, 1-1.5 mm. long; styles 3 or 4, separate, 0.5—1 

mm. long; capsule 2 mm. long, mature styles 1.5 mm. long. 

DistripuTION: Andes of southern Ecuador and northern Peru. (See 

Map 10.) 

Type LocALITY: Peru. Cajamarea: Tambillo. Type collection: Jelski 332 

(holotype KRA, isotypes KRA). 

SPECIMENS EXAMINED: ECUADOR. Et Oro: in montana Sichicay, near 

Cachicaren, tributary to Rio Minas Nuevas, 2,135-2,285 m. Steyermark 

ye (OR, US): 

Hydrangea Jelskii is known only from two collections and in both the 

specimens are mostly past the flowering stage, so that the description of 

the flower parts is based on only a few flowers remaining on the collection 

of Steyermark. From this material, the stamens appear to be shorter than 

those of any of the other members of this subsection, and they appear to be 
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no more than one and one-half times as long as the styles. This stamen 

character distinguishes H. Jelskii from H. Mathewsui and H. serratifolia, 

in which the stamens are considerably longer than the styles. H. tarapo- 

tensis and H. Jelsku are distinguished from each other by the coherent 

styles of the former. The stellate pubescence of H. Jelskii is not as dense 

as that of H. Mathewsw nor does it have the reddish brown color of this 

latter species. 

23. Hydrangea Mathewsii Briquet, Annuaire Conservatoire et Jardin 

Botaniques de Genéve, 20: 413. 1919. 

Woody climbers; branchlets and inflorescence ferruginous tomentose 

with lax, stellate hairs 0.5-0.8 mm. long; leaves oval to oblong-oval, 10-19 

em. long, 5-10 em. wide, 2—3 times as long as wide; lower surface rugose, 

the veins and veinlets prominent, densely pubescent with long, stellately 

branched coarse hairs borne on epidermal papillae; upper surface glabrous 

or with scattered stellate hairs; flowers white, all fertile; hypanthium 1-1.2 

mm. long; calyx-lobes 4, acute to broadly ovate, 0.3-0.5 mm. long; petals 

4,2 mm. long; stamens 8, 3-4 mm. long; styles 2 or 3, separate, 1-1.5 mm. 

long, slender; mature fruit not seen. 

DiIsTRIBUTION : Andes of northern Peru. (See map 10.) 

TYPE LOCALITY: Peru. Amazonas: Chachapoyas. Type collection: 

Mathews s. n. (holotype G, photo F). 

SPECIMENS EXMAINED: PERU. Amazonas: Chachapoyas, Mathews 3051 

(K, BM), San Carlos, Weberbauer 7157 (F, G, GH). 

Hydrangea Mathewsui was described by Briquet from a specimen with 

an incomplete inflorescence. Therefore, he did not realize that the inflores- 

cence was compound and that it should be placed in the subsection Poly- 

segia. H. Mathewsii is distinguished from the other species in this subsec- 

tion by its ferruginous tomentum, which resembles that of H. asterolasia 

in subsection Monosegia. 
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BATHYCALANUS SVERDRUPI, N. SP., A COPEPOD 

CRUSTACEAN FROM GREAT DEPTHS IN 

THE PACIFIC OCEAN' 

BY 

MARTIN W. JOHNSON 

Scripps Institution of Oceanography 

University of California 

La Jolla, California 

Several species of unusually large, free-living copepods have been 
described from net hauls extending to great depths in the ocean. Among 
these large calanoids are the following hitherto described, closely related 
genera and species: Bathycalanus richardi Sars (1905); Bathycalanus 
bradyi (Wolfenden) (1905); Bathycalanus princeps (Brady) (1883); 
Megacalanus princeps Wolfenden (1904); Megacalanus sarsi Farran ( 1939) ; 
Bradycalanus typicus Seott (1909); Bradycalanus gigas Sewell (1947). 

Much confusion has existed relative to the taxonomy of the group. The 
above grouping is based on a special analysis made by Farran (1939) in 
an effort to clear up the synonymy. More recently Sewell ( 1947) gave the 
group further study and in addition to describing a new species, Brady- 
calanus gigas, removed the group from the family Calanidae and created 
a new family, Megacalanidae, to receive it. These studies appear to have 
put the group on a fairly stable basis systematically though a larger series 
of collections is needed to establish what, if any, variations may oceur. 

The present study, which is being supported in part by the National 

* Contribution from the Scripps Institution of Oceanography, New Series No. 990. 
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Seience Foundation (no. NSF-G4993), adds a new species to Bathycalanus. 

This species is especially remarkable because of its huge size, being the largest 

of all free-living copepods hitherto described. Two adult females (fig. A) 

were found in an open trawl collection made by the Scripps Institution of 

Oceanography vessel Horizon at a towing depth of 2103 meters at 

12° 33’ N., 164° 49’ E., July, 1956. 

Bathycalanus sverdrupi Johnson, new species. 

The chief generic characters which serve to distinguish this species from 

those of closely related genera are: (1) the second maxillae, which are 

armed with long, ribbon-like setae that bear exceedingly fine processes and 

sharply curved distal ends; (2) the absence of any setae on the second 

inner lobe of the first maxillae; (3) the cutaneous pores of the “maculae 

Figure A. Bathycalanus sverdrupi, new species. Photograph of females, top 

specimen has fifth feet removed. Scale in mm. 
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eribrosae” being arranged in clumps, not in an oval or ring; (4) only the 

terminal segment of the exopod of the first pair of feet is provided with 

external marginal spines. In the other genera the exopod bears a marginal 

spine on each of the three segments of the first feet. 

SPECIFIC CHARACTERS. FEMALE. 

Bopy. The body is robust and tapers rather sharply in both lateral 

and dorsal aspects (figs. 1 and 2). The urosome (posterior body division) 

is relatively short in relation to the anterior division, the ratio being about 

Bathycalanus sverdrupi, new species. 

Figure 1. Female, lateral. 

Figure la. Female, rostrum, anterior aspect enlarged scale. 

Figure 2. Female, dorsal. 
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1 to 4.5 as contrasted with about 1 to 3.2 in Bathycalanus richardi and 

Bathycalanus bradyi and 1 to 3.7 in Bathycalanus princeps. The genital 

segment is large and tumid and there are three short abdominal segments 

between it and the short caudal rami. The rostrum (fig. la) consists of 

two stout tapering prongs unlike the sausage-like processes described for 

other known species of Bathycalanus. The head bears no erest as in 

Bathycalanus princeps and no horn-like process or sensory hairs were ob- 

served; however, two small pit-like spots occur just above the rostral prongs. 

The posterior margin of the 5th thoracic segment is rounded. The body 

contains much oil and the color of freshly caught specimens is deep red. 

The unusually large size, 16.8 and 17 mm. in length, is probably also specific. 

The previous maximum size record is 14.9 mm. for Bradycalanus gigas 

Sewell. 

FIRST ANTENNAE. The first antennae consist of 25 segments and hardly 

reach the end of the caudal rami. (These appendages were intact in only 

one specimen). This is in striking contrast to the long first antennae of 

other known Bathycalanus species. They overreach the caudal rami by 

5 to 6 segments in Bathycalanus bradyi (Sewell, 1947), by 14 of their 

length in Bathycalanus princeps (Rose, 1933), and by nearly 14 their 

length in Bathycalanus richardi (Sars, 1925). The terminal segment is 

very short. 

SECOND ANTENNAE (fig. 6). These appendages are similar to those 

figured by Sars (1924) for Bathycalanus richardi, but lack the setae on 

the distal part of the first endopod segment and possess a lateral seta 

on the seventh (terminal) exopod segment. The second antennae appear 

not to have been critically studied in the other species. 

MANDIBLE (figs. 4 and 5). The second endopod segment bears only 

two setae and a group of cutaneous pores occurs on the second basal seg- 

ment. The mandibular blade is well developed and bears teeth as shown 

in figure 5. 

FIRST MAXILLAE (fig. 3). These are characteristic of the genus but have 

only one seta each on the second basal segment and on the first and second 

segments of the endopod. This differs from the arrangement on other 

species. Sewell (1947) has called attention to the use of setae arrangement 

on the first maxillae as diagnostic characters for the genera and species. 

SECOND MAXILLAE (fig. 8). These appendages are strongly developed 

and conspicuous in the species. The long heavy setae are characteristic 

of the genus, being armed on the distal 24 with very fine, closely set proc- 

esses which curve into ringlets that appear to form a continuous tube. 

The ends of the setae are strongly curved. A distinctive feature of this 
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Bathycalanus sverdrupi, new species, female. 

Figure 3. First maxilla. b1, 1st basis; b 2, 2nd basis; end, endopod; ex, exopod; 

Le 1-5, external lobes; Li 1-3, internal lobes. 

Figure 4. Mandibular palp. Figure 5. Mandibular blade. 

Figure 6. Second antenna. end, endopod; ex, exopod. 
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Bathycalanus sverdrupi, new species, female. 

Figure 7. Maxilliped. 

Figure 8. Second maxilla. L1—-L5, lobes of the bases. 

Bathycalanus sverdrupi, new species, female. 

Figure 9. First leg, anterior surface. 

Figure 10. Second leg. m.c., maculae cribrosae. 

Figurell. Third leg. 

Figure12. Fourth leg. 

Figure 13. Exopod of first leg—abnormal. 

Figure 14. Fifth leg. 
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species appears to be the much stronger development of the setae on the 

fourth lobe of the second maxillae. These setae are similar to those of 

lobe 5 and of the endopod. 

Maxiuuipeps (fig. 7). There appears to be but little distinction be- 

tween these and the corresponding appendages of Bathycalanus princeps. 

There is but one strong seta on each of the endopod segments 2, 3, and 4. 

The other two species are provided with additional small setae on these 

segments. 

SWIMMING FEET (figs. 9-14). The first pair of feet have three-segmented 

exopods as in Bathycalanus princeps and Bathycalanus bradyi. The re- 

maining feet agree closely with those of all of the known species in having 

three-segmented rami and in having three external spines on the terminal 

segment except in the fifth pair of feet which bear only two external spines. 

There is no retroverted spine on the second basis of the first legs. The 

terminal segment of the exopod of the first feet has two smooth spines and 

four inner setae as shown in figure 9; however, in one female the opposite 

foot was abnormal as in figure 13. This same female had three setae on the 

second endopod segment of one of the feet of the second pair instead of the 

normal two setae. ‘“Maculae cribosae” occur in all of the feet. 

HouoryreE in U. 8S. National Museum, No. 101078. 

PARATYPE in California Academy of Sciences, No. 34987. 

The species is named for the late Dr. Harald U. Sverdrup, renowned 

oceanographer. 
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THE DISTRIBUTION OF WOOD-BORING 

LIMNORIA IN CALIFORNIA’ 

BY 

ROBERT J. MENZIES 
Lamont Geological Observatory 

Columbia University 

Palisades, New York 

INTRODUCTION 

The distribution of marine wood-boring species of Limnoria along the 

California coast presents an interesting pattern. Three species are known. 

Some ecologic data are available on factors which appear to govern the 

distribution of the species in San Francisco Bay and the Los Angeles— 

Long Beach harbors. These data are summarized here. 

Northward of Crescent City only one species, Limnoria (Limnoria) 

lignorum (Rathke), is known. Similarly southward of La Jolla only 

L. (L.) tripunctata Menzies has been found. Between Crescent City and 

La Jolla L. (L.) quadripunctata Holthuis is found either alone or with the 

species impinging upon its northern or southern limits. Here it is not 

uncommon to collect two species from one piece of infested wood. How- 

ever, L. (L.) quadripunctata Holthuis was the only species found at To- 

males Bay, Morro Bay, and Santa Barbara (Menzies and Mohr, 1951). 

The characteristic pleotelsons of these three species are shown in figure 1. 

San FrRANcIScO BAY AND TRIBUTARIES 

The ecological relations of the marine wood-boring organisms in San 

Francisco Bay were investigated in 1924 by Miller (1926, pp. 247-254) 

1 Contribution from the Lamont Geological Observatory No. 284, Biology Program 28. 
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A 

Figure 1. Pleotelsons of California limnorias. A, Limnoria (L.) lignorum 

(Rathke); B, L. (L.) quadripunctata Holthuis; C, L. (L.) tripunctata Menzies 

(after Menzies, 1957). 

and his associates. This information was included in a later report by 

Kofoid and Miller (1927). Regarding Limnori the latter investigators 

write, “the characters of the organism occurring in San Francisco Bay 

correspond closely to those of Z. lignorum and it should undoubtedly be in- 

cluded in that species” (ibid., p. 311-312). However, the species shown in 

figure 124 of that report, as Holthuis (1949) and Menzies and Mohr (1952) 

point out, probably is L. (L.) quadripunctata Holthuis. A reinvestigation of 

the bay by the writer? showed the presence of two species, L. (L.) quadri- 

punctata and L. (L.) tripunctata. No specimens of L. (L.) lignorum were 

found, and in view of the preference for cold water exhibited by this species 

(Menzies, 1957), it is doubtful whether it has occurred in San Francisco 

Bay during historical times. The identity of Zimnorw in San Francisco 

Bay assumes particular significance in view of the argument by Kofoid 

and Miller (op. cit.) that the Teredo occurring there probably belongs to 

the European 7’. navalis because (in part) the Limnoria present is L. lig- 

norum. The argument loses much of its force in view of the finding that 

L. lignorum probably was not there. 

This distribution of the species of Limnoria in San Francisco Bay is 

shown in figure 2. In table I are shown the stations examined, species 

found, and the salinity and temperatures occurring at the stations for 

which such data were available. 

Miller (1926, pp. 247-248) correctly pointed out that the variable and 

low salinity of the northern and northeastern parts of the bay came within 

the salinity level lethal for Limnoria and records the uppermost limit of 

destruction by this borer to be about three miles above Point San Pedro 

(Loe. no. 1, table I). Throughout most of the margin of the bay from 

2 Assisted by a grant-in-aid from the American Academy of Arts and Sciences, Boston, Massachusetts. 
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Black Point to San Pedro and from Black Point to Vallejo and Mare 

Island, there is very little wood. The same is true for the greater part 

of the bay south of South San Francisco and Oakland. Of the twenty- 

three stations examined, only three were negative, Stations 21, 22, 23. At 

these stations the salinity is very low and variable seasonally (15 0/00, 

13 0/o0o—29 0/oo) and it appears that low salinity at these stations accounts 

for the absence of Limnorva. 

At Rodeo (Sta. 20) ZL. (L.) tripunctata was found in hollowed-out, 

water-filled cavities in a creosoted telegraph pole. It was not found on 

wooden structures which were in constant direct contact with the sea 

water, such as teredo-riddled sewer casings which extended a considerable 

distance into the bay at that point. That such a pocket of Limnoria might 

act as a focal point for the spread of the animal during dry seasons seems 

evident. 

Table I. List of stations occupied in a resurvey of San Francisco Bay (1949)* 

Species of 

Station Temperature Salinity Limnoria 

Number Location XG 0/00 (Limnoria) 

il Bointrscanyeedro ——- -—- . tripunctata 

2 San Rafael (U.S. Highway 101) _.... = — . tripunctata 

3 Sern QR TOE Tal, eee ee ee — a . tripunctata 

4 Pombt sans Quentin 2. -—- —— . tripunctata 

5 STOW ONG ee eae te ke -—- —— . tripunctata 

quadripunctata 

6 INL, Wo TREWOS AR, IR Tere oe aes ee 1222 30.85 quadripunctata 

7 SauiSaliitOQmeemeer ee eels ee 13.2 30.30 quadripunctata 

8 PAI UIC MbaT Ki ee ee 14.2 30.50 quadripunctata 

9 Goatees amd (etree ees 2 ee a 115}83 28.80 quadripunctata 

. quadripunctata 

. tripunctata 

. tripunctata 

. tripunctata 

10 TESTI H IE + BYE NCy Cro ie eee ee — — 

11 SoutbhwB asim 2.42" oo ice — —- 

12 san Mateo Bridge 22 a — 

13 West end of Dumbarton Bridge... =— == 

SUSHS HSS! Si ishistis! (Shieh lel lst let leh isl ist istish ish Ist tet ist is: 

14 East end of Dumbarton Bridge...... 20.6 28.10 . tripunctata 

15 (CRVECIEW OGLE : hess ae are a ee eae 18.0 27.00 . tripunctata 

16 Berkeley Yacht Harbor .................... ——- — quadripunctata 

. tripunctata 

17 Parr-Richmond Pier —........................ — — quadripunctata 

. tripunctata 

18 Richmond Ferry Landing _............ — — . quadripunctata 

. tripunctata 

19 (COUGUh ott, ee ee Se ie Ae eee — — . tripunctata 

20 Rodeo: (see: text) ......ccc2..----22.-ceccnoeecee — — . tripunctata 

21 WROCK CLUS mec re Ee 19.2 15.00 none 

22 WYNN SS 0 ee ae ee eee -— 13.29 none 

23 BlackvEoinitwee 2s ee os lee -_—— a none 

* Temperature and salinity data from Kofoid and Miller (1927), Sumner ef al. (1914). 
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Figure 2. The distribution of Limnoria within San Francisco Bay and its 

tributaries. 

Miller did not suspect that temperature might act as a factor controlling 

distribution of Iamnoria within the bay. He was, however, aware of the 

very different temperature conditions in certain areas. The resurvey re- 

vealed a striking distribution associated with temperature distribution. 

The outermost colder regions of the bay, Stations 6-10, contained only 

L. (L.) quadripunctata. The inner and much warmer areas (Stas. 1+, 

11-15) of the bay also showed only one, L. (L.) tripunctata. At interme- 

diate stations (Stas. 5, 16, 17, 18) specimens of both species were taken 

from the same piece of wood. 

Los ANGELES—LOoNG BEACH HARBORS 

The Los Angeles-Long Beach harbors (figure 3) present some condi- 

tions which parallel those in San Francisco Bay and others which differ 
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considerably. At both places, the species found were the same. The local 

variations in temperature correlated with the general distribution of the 

two species with L. (L.) quadripunctata oeeupying the colder areas, L. (L.) 

tripunctata the warmer areas, and both being found together at interme- 

diate locations. Salinity variations at Los Angeles-Long Beach harbors 

are exceptionally slight, being only 26.4 0/o0—35.22 o/oo for the most 

variable location and, as might be expected, salinity variations were found 

to play no part in the distribution of the species. The dissolved oxygen 

content of certain parts of the harbor was very low and at the Consolidated 

slip where the average dissolved oxygen content was 0.12 (range 0.0—-1.4) 

p-p.m. no specimens of Limnoria were found. However, at Berth 181 

(inner harbor) where the highest dissolved oxygen content averaged 1.9 

(range 0.04.0) p.p.m. and at the other stations where it was higher, Lim- 

norva was found in test-blocks. 

Dominguez Channel 

WILMINGTON 

Consolidated Slip 

West Basin Slip 5 

TERMINAL ISLAND 

Boschke 
Slough 

SAN PEDRO 

® STATION 

A Limnoria (L)tripunctota Menzies 

Bo Limnoria (L) quodripunctata Holthuis 

ae ANGELES & LONG BEACH 
HARBORS 

MILE 
Mop courtesy of DJ. Reish 

Figure 3. The distribution of Limnoria within the Los Angeles—Long Beach 

Harbor. Data and map courtesy of the Southern California Marine Borer Council. 
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INTRODUCTION 

Isla Guadalupe, an oceanic island rising from deep water off Baja Cali- 

fornia, about 225 nautical miles south and slightly west of San Diego, and 

separated by 133 miles from the nearest other land (Isla San Gerénimo), is 

proving to be characterized by a high incidence of endemism in its littoral 

marine as well as in its terrestrial biota. The marine endemiecs include a 

considerable number of littoral fishes. A few of these, including two gobi- 

esocids discovered by the senior author and recently described by Briggs 

(1955: 79-80 and 100-101, figs. 5, 95, and 100), have been proposed as full 

species. Others remain to be named, either as species or subspecies (the 

problem is currently under study by the senior author and Erie Godwin 

Silas). Of the apparently endemic species perhaps the most strikingly 

distinctive is the butterflyfish described in this paper. 

Except as noted, the systematic methods, especially of counting and 

measuring, are those proposed by Hubbs and Lagler (1952). Angles were 

measured as proposed by Hubbs (1946). 

We are indebted to a number of colleagues for assistance in the examina- 

tion of material, for data, and for suggestions in the presentation. In par- 

ticular, we acknowledge such help from Leonard P. Schultz of the United 

States National Museum, who verified our conclusions regarding the value 

of the lateral-line character and the placement of the species nigrirostris, 

who made material in the National Museum freely available, and who had 

two photographs prepared. We are similarly grateful to Loren P. Woods 

of the Chicago Natural History Museum, who, like Schultz, provided much 

information on the lateral-line characteristics of many species and offered 

valued suggestions regarding the taxonomy of the group, which he has 

extensively studied. Woods also loaned us specimens of Chaetodon aya. 

We express appreciation also to Bovd W. Walker, our colleague at the Uni- 
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versity of California at Los Angeles, who has made available extensive 

material of the previously known eastern Pacifie chaetodontines and has 

otherwise been of help and encouragement in the preparation of the paper. 

Robert L. Wisner made the X-ray photograph reproduced as plate I, figure 

2. Max Poll of the Koninklijk Museum van Belgisch-Kongo has allowed 

the reproduction of the type figure of Chaetodon marcellae. W. I. Follett 

and Lillian Dempster of the California Academy of Sciences have assisted 

generously in the processing of the manuscript. 

A NEW SPECIES FROM GUADALUPE ISLAND 

Chaetodon falcifer Hubbs and Rechnitzer, new species. 
(Plate I.) 

TYPE SPECIMEN 

A large adult, 138 mm. in standard length, collected at a depth of 100 

feet on the east shore of Guadalupe Island, off Baja California, México, on 

November 16, 1954; Cat. No. 20734, Department of Fishes, California Acad- 

emy of Sciences. 

CoLLECTING NOTES AND HABITAT DATA 

The only known specimen of this species (pl. I, fig. 1) was speared by Rech- 

nitzer during a deep-poisoning operation on November 16, 1954, supplemented 

with detonation of Primacord on November 17, in a cove on the generally calm 

eastern shore of the voleanic island, about 0.5 mile north of Morro Sur (South 

Bluff), at 28° 53’ 24” N. Lat., 118° 15’ 00” W. Long. (as measured on Hydro- 

eraphie Office Chart 1688 (1956) ; on the older chart, 1681, the island was mis- 

placed 1.5 mile to westward and 0.6 mile to southward). Rechnitzer swam 

down with aqualung equipment to try to collect a bright orange-yellow 

fish (a pomacentrid?) that he had seen while applying the derris-root paste 

at a depth of about 20 feet. Failing to relocate that specimen in the clouded 

water, he went lower, to the rocky bottom at a depth of about 100 feet, 

where, about a foot off the bottom, under a slight ledge at the base of the 

vertical underwater cliff, he saw, in the extremely clear water, and speared, 

the magnificent butterflyfish we are describing. 

Where the fish was obtained, plants, other than encrusting ecoralline 

algae, were few and seattered. In shallower water there was much attached 

Sargassum and other algae and some eelgrass (Zostera). The temperature 

was recorded by one of the divers as 65° F.. from top to bottom. In addition 

to rock there was some sand and gravel on the level bottom, which was about 

100 feet deep. The vertical rock wall was penetrated by deep recesses and 

vertical crevices, which provided excellent cover for reef fishes. 

Bearing in mind the favorable habitats at this station and the large 
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party of collectors (thirteen, including six with aqualungs), it is not sur- 

prising that a considerable proportion of the depauperate littoral fish fauna 

of Guadalupe was taken with the Chaetodon. The thirty-three species listed 

below were included in the collection and are therefore to be listed as ap- 
proximate associates of the butterflyfish. Species only observed are marked 

with an asterisk. Endemies are marked with a dagger. 

Sternoptychidae 

Vinciguerria lucetiae Garman 

Exocoetidae 

*Oypselurus californicus (Cooper) 

Apogonidae 

Apogon guadalupensis+ (Osburn and 

Nichols) 

Serranidae 

Paralabrax clathratus (Girard) 

Atherinidae 

Atherinopsis californiensis subsp.+ 

Atherinops affinis guadalupae+ 

Hubbs 

Carangidae 

*Seriola dorsalis (Gill) 

Trachurus symmetricus (Ayres) 

Branchiostegidae 

Caulolatilus princeps anomalus 

(Cooper ) 

Embiotocidae 

Embiotoca sp., possibly differenti- 

ated 

Damalichthys sp.+ 

Brachyistius aletes+ (Tarp) 

Pomacentridae 

Chromis punctipinnis (Cooper), 

somewhat differentiated 

Azurina hirundo+ (Jordan and Mc- 

Gregor ) 

Hypsypops sp.} 

Labridae 

Bodianus diplotaenia (Gill) 

Pimelometopon pulchrum (Ayres) 

Girellidae 

Girella nigricans (Ayres) 

Scorpididae 

Medialuna californiensis (Stein- 

dachner ) 

Scorpaenidae 

Scorpaena guttata guadalupae Fow- 

ler (occurs also in Gulf of Cali- 

fornia ) 

Scorpaenodes xryris (Jordan and 

Gilbert), possibly differentiated 

Cottidae 

Artedius creaseri (Hubbs), possibly 

ditferentiated 

Gobiidae 

Lythrypnus zebra (Gilbert), pos- 

sibly differentiated 

Lythrypnus dalli (Gilbert), possibly 

differentiated 

Clinidae 

Alloclinus holderi (Lauderbach) 

Heterostichus rostratus guadalupen- 

sis; Hubbs 

Gibbonsia elegans erroli+ Hubbs 

Gibbonsia norae Hubbs, also on San 

Benito Islands 

Tripterygiidae 

Enneapterygius sp., not endemic 

Brotulidae 

Eutyr diagrammus Heller and Snod- 

grass, also on Galapagos Islands 

Halichoeres semicinctus (Ayres) Balistidae 

Oryjulis californica (Giinther), pos- Xanthichthys lineopunctatus (Hol- 
sibly differentiated lard) 

PLATE I 

Figure 1. Holotype of Chaetodon falcifer, 138 mm. in standard length, from 

Guadalupe Island, México. Photo by Scripps Institution. 

Figure 2. X-ray photograph, by Robert L. Wisner, of holotype of Chaetodon 

falcifer. Print by Seripps Institution. 
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The collecting at this station (SIO 54-219) was a joint operation of two 

parties, largely from the Scripps Institution of Oceanography, led, respec- 

tively, by the junior author on the Institution’s Research Ship Paolina T, 

and by the senior author on the Research Ship Orca, of the J. W. Sefton 

Foundation. Thanks are due to all members of the dual expedition, espe- 

cially to Joseph W. Sefton, Jr., who, often and graciously, made the Orca 

available for biological explorations. 

DISTRIBUTION 

It is possible, indeed highly probable, that this apparently deep-water 

Chaetodon is much commoner about Guadalupe Island than the collecting 

of only one specimen would indicate. However, no other specimen has been 

seen, despite the fact that, of late, the island has been subjected not only 

to rather intensive collecting but also to a considerable amount of aqualung 

diving by several experienced and observant divers, including Conrad Lim- 

baugh. During the expedition of November, 1954, six divers with self-con- 

tained underwater breathing apparatus were under water much of the 

time during seven consecutive days. The center of abundance of the species 

may well be deeper than 100 feet (as seems to be true of the related Atlantic 

species) ; or, 1t may occur chiefly on the western shore of the island, where 

the surf is usually strong and where collecting below tidal limits has been 

very limited. 

It is also possible, though we think rather improbable, that the species 

occurs farther south, either along the mainland or on the Revillagigedo 

Islands. It has not been included among the chaetodontids taken during the 

extensive collecting in those areas in recent years, particularly by parties 

working under or for Boyd W. Walker of the University of California at 

Los Angeles and John E. Fitch of the California Department of Fish and 

Game. A considerable amount of more or less deep-water poisoning has 

been included in those operations. For these reasons, Chaetodon falcifer 

may be listed, provisionally at least, among the endemic fishes of Guadalupe 

Island. The interpretation of C. falcifer as a relative of the deep-water 

Atlantic species, C. aya and C. marcellae, weakens but hardly destroys the 

indication of endemicity. 

Even though endemic, Chaetodon falcifer is to be included among the 

tropical elements in the intermixed warm-temperate and tropical fish fauna 

of Isla Guadalupe. In the eastern Pacific it probably represents the northern 

limit in the present distribution of the tropical family Chaetodontidae. The 

qualification “present” is used because, about one hundred years ago, when 

the fauna of southern California was distinctly more tropical than at present 

(Hubbs, 1948), Chaetodon humeralis Giinther seems to have occurred at 
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San Diego. We are informed by Leonard P. Schultz that two specimens 

of that species in the United States National Museum are recorded as having 

been collected by Lt. Trowbridge at San Diego, California. The low cata- 

log number (3170) indicates that the specimens were in fact entered in 

the collection nearly 100 years ago. Lt. W. P. Trowbridge was one of the 

most effective of the West Coast collectors on the Pacific Railroad Surveys. 

Somehow the species escaped inclusion in Girard’s reports on the fishes 

collected by these surveys. Presumably the specimens came to light after 

the bulk of the collections had been studied and cataloged, for the number 

is higher than those recorded for the species reported by Girard. In this 

connection it may be noted that Girard (1858: 338) referred to other speci- 

mens from San Diego that had become “‘mislaid in the moving of the Smith- 

sonian collections from one end of the building to another a few months 

since.” Some slight doubt regarding the validity of the San Diego record 

can not be dispelled, but we believe that C. humeralis is to be added to the 

list of tropical fishes that occurred at San Diego during the warm period 

a century ago. 

DISTINCTIONS 

Chaetodon falcifer is not closely related to any of the three chaetodon- 

tines already known from the eastern Pacific. It does not belong in the 

same subgenus as C. humeralis Giinther (1860: 19-20; 1869: 419, pl. 65, 

fig. 3), which is the only one of the three that we retain in the genus Chaeto- 

don. It agrees with that species, as well as with the two others, in the high 

spinous dorsal with deeply incised interspinal membranes, but it has a much 

sharper and more produced snout and very much smaller scales, and the 

scale rows on the middle of the trunk are subhorizontal and those above 

the lateral line are parallel with the lateral line (instead of being strongly 

oblique in each area). Furthermore, the coloration is strikingly different, 

and there are numerous trenchant distinctions in the bony and sealy strue- 

tures of the head, and in the squamation of the caudal fin (see pp. 295-296). 

The Guadalupe species differs even more significantly, we believe, from 

the other eastern Pacific form currently referred to Chaetodon, namely C. 

nigrirostris (Gill). In that species, as is indicated later (pp. 296-299), the 

lateral line continues to the caudal base: a character that seems to eall 

for its placement in another genus. Provisionally, we refer it to the genus 

Heniochus. Chaetodon falcifer and Heniochus nigrirostris differ in many 

other respects, as in coloration, in the squamation of the head, in the char- 

acters of the gape and lips, ete. The differences can be appreciated by com- 

parin® the following deseription of C. falcifer with the descriptive notes on 

H. ngrirostris (pp. 296-297). 
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When compared with Forcipiger longirostris (Broussonet), C. falcifer 

is seen to differ not only in the much less extremely produced beak, but also 

in the lateral-line character, in which Forcipiger and Heniochus agree, and 

in many features of coloration. 

Inasmuch as some Indo-Pacific fishes, including one of the three eastern 

Pacific chaetodontines, have hurdled the broad barrier between the central 

Pacific islands and the New World (Ekman, 1953; Myers, 1941, and others) 

to become established in the Panamaiec fauna, C. falcifer has been compared 

with descriptions and figures of the multitudinous Indo-Pacific species of 

the Chaetodontinae. In this comparison numerous treatises have been con- 

sulted, including Bloch (1796), Cuvier (in Cuvier and Valenciennes, 1831), 

Giinther (1860), Bleeker (1876a—1878), Jordan and Fowler (1902), Jordan 

and Evermann (1905), Jordan and Seale (1906), Kendall and Goldsborough 

(1911), Ahl (1923), Herre and Montalban (1927), Fowler (1928, and 

supplements), Fowler and Bean (1929), Weber and de Beaufort (1936), 

and Munro (1955). Also checked were species listed in the Zoological 

Record as having been published since the appearance of Ahl’s monograph 

in 1923. Nothing corresponding closely with C. falcifer has come to light. 

It is coneluded, therefore, that this species is not a stray from the present 

Indo-Pacific fauna. 

On comparing C. falcifer with the Atlantic species of the genus, we find 

marked differences, but many characters shared with C. aya Jordan of the 

western Atlantic and C. marcellae Poll of the eastern tropical Atlantie 

(see pp. 300-304). There are consistent differences in the color marks. In 

the Pacific species the preocular part of the first band runs almost hori- 

zontally along the upper part of the side of the snout, rather than obliquely 

across the front part of the cheek just behind the mouth, and the posterior 

mark has a seythelike form with an anterior arm extending down to the 

opercular region, rather than being confined to a simple bar running 

obliquely downward and backward across the body from near the middle 

of the spinous dorsal (in C. aya), or subvertically downward from the end 

of the first dorsal (in C. marcellae). Furthermore, the scales are much finer 

in C. falcifer than in the Atlantic species, and there are many other, minor 

differences. A careful comparison of the type of C. falcifer with the 17 

available specimens of C. aya discloses the numerous differences outlined 

in table 1. Chaetodon falcifer apparently differs from C. marcellae in most 

of the characters that distinguish it from C. aya. 
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Table 1. Comparison of Chaetodon falcifer with C. aya 

Chaetodon falcifer Chaetodon aya 

Dorsal soft-rays 21 17 to 19 

Anal soft-rays 16 14 to 16, usually 15 

Pectoral rays 15 13 to 15, usually 14 

Scale rows, straight line? 51 to 53 32 to 38 

Seales in first row above 

lateral line? 64 to 66 27 to 36 

Pores in lateral line® 44 to 46 23 to 32 

Seales from dorsal fin to 

lateral line‘ 5 9 to 12 

Scales from anal fin to 

lateral line‘ 26 17 to 21 

Scales around caudal peduncle? 30 20 to 26 

Lateral line ends: Close to end of soft Below front part of 

dorsal soft dorsal® 

Main marking on body’ Scythe-shaped, with Oblique band, extending 

extension onto opercles onto spinous dorsal 

Along side of snout To just back of 

upper jaw 

With much black, and Almost clear, except on 

a definite light border extension of bars; 

no definite light edge 

Band below eye extending: 

Dorsal and anal fins 

Upper and lower borders of 

caudal fin Largely blackish Not blackened 

Angle, body axis and margin 

of soft dorsal® 72° 75° to 87° 

Maximum known size 138 mm. 98.5 mm. 

RELATIONSHIPS 

We have not been able to allocate C. falcifer with complete assurance 

in any of the named subdivisions of Chaetodon, as these have been charac- 

terized in various published revisions (subsequent authors have based their 

eroupings, though not their nomenclature, largely on the subgenerie divi- 

sions proposed or accepted by Bleeker from 1876 to 1878). 

When checked with Ahl’s monographie revision of 1923, falcifer is seen 

1 Rows crossing a straight line from scapular process behind upper end of gill opening to caudal flexure; 

for this and for all other paired series, both sides were counted on all specimens. 

2 Including all scales that impinge above on a lateral-line scale. 

® Including occasional unpored scales definitely in the lateral-line series. 

4 From edge of sheath at side of first spine in an oblique row to but not including the lateral line. 

® Scales in not quite overlapping position around narrowest part of peduncle. 

6 Ending rarely, on one side only, on vertical passing slightly before visible front of soft dorsal or a little 

behind middle of soft-dorsal base. 

7 When considering colorational characters. compare plate I, figure 1 with plate II, figure 1 and plate 

III, figure 1. 

8 Angle between body axis (from front of snout to middle of caudal base) and a symmetrical tangent to 

the rounded margin of the soft dorsal fin. 
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to agree essentially with subgenus Chaetodon, and not with the subgenera 

Gonochaetodon and Megaprotodon, which Weber and de Beaufort (1936) 

later recognized as genera. When compared with the three divisions of 

“Gruppe” rank into which Ahl split the subgenus Chaetodon, respectively 

with two, four, and three further subdivisions ot “Sektion” rank, falcifer 

is excluded from group | by reason of the body form and from group 3 

by having the median trunk seales little enlarged, with well-rounded 

margins and with the subhorizontal alignment retained; also in having 

more than 45 scale rows crossing the median line of the body. This leaves 

“Gruppe II,” from sections D to F of which falcifer is excluded by the sub- 

horizontal scale rows. From “Sektion C, Chaetodon s. str. = Tetragonoptrus 

Bleeker,” as briefly diagnosed by Ahl (p. 80), falcifer is not obviously ex- 

cluded, but it has smaller scales than any of the species as counted by 

Ahl, except the very different “Chaetodon Sanctae Helenae Giinther.” In 

fact, the scales are rather too high for his generic diagnosis (p. 7): Ahl 

characterized the genus Chaetodon as having about 30 to 50 scales in “L. 

lat.” (defined on p. 6 as the number ‘‘vom oberen Ansatz des Kiemendeckels” 

to the caudal flexure). Ahl thus contrasted Chaetodon with Hemitaurich- 

thys, Microcanthus, and Vinculum, each of which was indicated as having 

60 or more (60-90) scale rows. Those three genera all have the lateral 

line of the primitive Heniochus type, and one of them, Microcanthus, has 

been shown by Fraser-Brunner (1946) to have been wrongly classed in 

Chaetodontidae. 

Chaetodon falcifer differs more trenchantly from any of the species 

placed by Ahl in his section Chaetodon in having a much longer, more pro- 

duced, more pointed snout, in this respect definitely approaching Forcipiger 

and Chelmon. It agrees fully with none of the subdivisions of Chaetodon, 

including the segregated genera Gonochaetodon, Megaprotodon, and Ani- 

sochaetodon, as diagnosed by Weber and de Beaufort (1936). Further 

studies may eall for its recognition as a member of a new subgenus, or pos- 

sibly genus (presumably to include also the Atlantic species, discussed 

below). 

Several characters that Chaetodon falcifer shares with Heniochus nigri- 

rostris and Forcipiger longirostris (Broussonet), which is regarded as in- 

eluding F. flavissimus Jordan and McGregor, suggest the remote possibility 

of a relationship with one or both of those species; close enough, if verified, 

to run counter to the classification we have adopted. 

Chaetodon falcifer agrees with H. nigrirostris in the size of the seales, 

in which respect C. falcifer contrasts with almost all species currently left 

in Chaetodon. It also agrees with that species, though not so exclusively, 

in the orientation of the seale rows. In the form of the spinous dorsal the 
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two species are similar, having strong and high spines with very deeply 

incised membranes; but in C. falcifer the third and fourth spines are sub- 

equal, whereas in H. nigrirostris the fourth spine is definitely the longest, 

as it is (to a greater degree) in the other species referred to Heniochus 

(furthermore, in the apparently closely related Atlantic species, C. aya, the 

third spine is definitely the highest). There are also some resemblances 

(as well as sharp differences) in the color pattern, for both species lack 

the suborbital bar characteristic of most species of Chaetodon and have 

the nuchal bar continued forward on the snout (though with interruptions 

in H. ngrirostris). The posterior dark crescent in H. nigrirostris suggests 

the posterior part of the seythelike mark of C. falcifer, though it is farther 

back and farther up. 

Chaetodon falcifer approaches Forcipiger longirostris in the sharpness 

and production of the snout and in the reduced size of the scales. In both 

species the dorsal spines are high and the interspinal membranes are deeply 

incised. In both, the nuchal band is continued through the eve to and along 

the upper part of the snout. In some of these characters all three species 

under discussion show resemblances. At present, however, we interpret 

each of these resemblances as the result of convergent evolution. Numerous 

differences between all the forms may be noted by comparing the following 

description of C. falcifer with the descriptive notes of the three other Pacific 

species (pp. 295-300). 

As already suggested (p. 00), C. falcifer seems to find its closest rela- 

tives in two Atlantic species, C. aya of the western Atlantic and C. mar- 

cellae of west Africa, which are treated in more detail on pages 300-304. The 

distinctive resemblances (compare figures) include the sharpness and pro- 

duction of the muzzle (a character that is carried to a farther extreme in 

Prognathodes aculeatus of the West Indian fauna); the very high, strong, 

and greatly excised dorsal and anal spines; the rather regular and little 

modified alignment of the scale rows; the rectangular form of the body 

behind the head; the more or less forward dislocation of the subocular bar 

(carried to an extreme in C. falcifer); a dark bar along the top of the head 

anteriorly; the presence and intensity of the blackish bar from eye to front 

of dorsal; the extension of the posterior bar to an abrupt end on the seale- 

covered base of the anal fin, ete. These resemblances seem to outweigh the 

sharp differences between C. falcifer and C. aya that are outlined in table 1, 

and that also apply largely to C. marcellae. 

The close relationship between C. falcifer, C. aya, and C. marcellae is 

further suggested by their distinctively deep-water habitats. The type of 

C. falcifer, as indicated earlier, was collected at a depth of 100 feet. All 

specimens of C. aya and C. marcellae, so far as recorded, were taken at 
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even greater depths. The type of C. aya was from the stomach of a red 

snapper from Snapper Banks off Pensacola, Florida, where the depths 

fished at that time were reported by the collector, in his survey of the fish- 

eries grounds (Stearns, 1887), to be 20 to 50 fathoms. Another specimen 

was trawled off North Carolina (Nichols and Firth, 1939: 87) at a reported 

position where the coast chart (1110) indicates the depth as approximately 

150 fathoms (considerable error either in distance or direction would not 

fix the trawling spot at a depth of less than 100 fathoms)! Hildebrand (in 

Longley and Hildebrand, 1941: 150-151) reported the capture of seven 

specimens near Tortugas, Florida, at two stations, at depths of 39 and 40 

fathoms, respectively, and added, “apparently not entering shallow shore 

waters.”’ The additional known specimens of C. aya (see pp. 302-303) have 

been taken at depths recorded as 24, 25 to 30, 25 to 75, 37, 40 to 45, 62, and 75 

fathoms. 

DIAGNOSIS 

Outstanding characters of Chaetodon falcifer are the very long and 

sharply produced snout, in which respect it definitely approaches For- 

ciprger; the rather small scales, intermediate in size between those on most 

species of Chaetodon and those typical of the species of Heniochus and re- 

lated genera; the lack of a suborbital bar and the extension of the nuchal 

band, as in Forcipiger, through the eye to and along the snout; and the 

peculiar seythe-shaped blackish mark on the body. Less distinetive, but 

serving to separate the species from many others in Chaetodon (and segre- 

gated genera) are the dorsal and anal fin formulas, respectively XIII, 21 

and III, 16; the high and strong dorsal and anal spines, with deeply incised 

membranes; the alignment of the scale rows, which are subhorizontal below 

the lateral line and parallel with that line above it; the rounded margins and 

only moderate enlargement of the median trunk seales; the rather rectangu- 

lar body form; the low mouth; and the alignment of the inner jaw teeth ante- 

riorly in twelve rather even cross rows. 

DESCRIPTION OF FINS 

Dorsau FIN. The dorsal rays number XIII, 21. The base of the spinous 

dorsal measures 1.6 in the soft-dorsal base. The dorsal spines are very strong 

and high anteriorly. The subequal third and fourth spines are the highest. 

Each, as measured from the edge of the scaly sheath, is as long as the soft- 

dorsal base. The interspinal membranes are deeply incised, very deeply 

anteriorly. The least width of the membrane at the front of the two longest 

spines is less than one-sixth the height of the spine. The soft dorsal has a 
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weakly rounded margin, with the median part nearly straight and forming 

an angle of 72° between its tangent and the axis of the body; the margin 

along the first three or four rays is nearly horizontal; that along the last 

few rays is rounded and is directed downward and slightly forward. None 

of the dorsal soft-rays are produced. 

ANAL FIN. The rays number III, 16. The spines are very strong. The 

second is very notably strengthened and considerably elongated, though 

when depressed it just reaches the tip of the third spine. The free front 

edge of the second spine is as long as the base of the soft anal. The inter- 

spinal membranes are very deeply incised. The membrane at the front 

of the second spine is one-sixth the length of the front edge of that spine. 

The margin of the soft anal is nearly straight and nearly vertical medially, 

and is moderately curved forward along the anteriormost and posterior- 

most rays. 

OTHER FINS. The caudal has a weakly convex border, with the upper 

angle rather pointed, though not produced, and the lower angle more 

broadly rounded. The very slightly faleate pectoral, which reaches to above 

the anus, is about one eye’s length shorter than the head. The first pelvic 

soft-ray ends in a free filament, which is more than half as long as the 

orbit and reaches to between the genital papilla and the origin of the anal 

fin. The length of the pelvie equals that of snout plus orbit. Principal 

eaudal rays, 9 + 8 = 17; pectoral rays 15 on each side, or, more precisely, 

distinguishing unbranched and branched rays respectively on left and right 

sides an, 12) ne a. 

SCALES AND LATERAL LINE 

SCALE NUMBER AND SIZE. The seales are relatively small and numerous. 

Along a straight line from the upper end of the gill opening to the caudal 

flexure we enumerate 51—53 transverse rows (counting both sides) behind 

the scapular process, and 4 rows on the process; there are 3 additional rows 

of seales, smooth and well embedded, on the concealed part of the shoulder 

girdle. Along the first row above the lateral line, beginning behind the 

scapular process and enumerating all scales that definitely impinge above 

on a lateral-line scale, we count 64—66 seales. From the edge of the scaly 

sheath beside the first spine, in an oblique row to but not including the 

lateral line, we count on each side 15 seales below the dorsal and 26 above 

the anal. There are about 30 rows, not including seales that overlap on 

the exposed field, around the narrowest part of the caudal peduncle. The 

scales become markedly reduced in size on the thick sealy area over the 

basal part of the soft-dorsal fin. The scales also become very small on the 



VoL. XXIX] HUBBS & RECHNITZER: A NEW CHAETODON 287 

nape, occiput, opercles, and muzzle. They are somewhat but not notably 

enlarged on the side of the trunk forward to the pectoral fins, but these 

larger scales grade evenly into the others. 

SCALE FORM, SERIATION, AND DISPOSITION. The scales are regular in out- 

line, with evenly rounded margins, even where moderately enlarged. Below 

the lateral line the seale rows are approximately horizontal, with a slight 

upward flexure posteriorly that increases to about 18° on the fleshy area 

over the anal base. Some rows are arched upward a little where the scales 

are most enlarged. Toward the pelvic fins the rows become irregular. Above 

the lateral line the rows are essentially parallel with this line and are 

similarly curved, on the body proper, but become irregular, and peripher- 

ally assume an oblique orientation, on the thick sealy fin bases, especially 

on the second dorsal. 

Where, on and about the head, the scales become greatly reduced in 

size, the rows become very irregular or hardly apparent. Very small rough 

scales are developed on the posterior part of the premaxillary, especially 

in files along the fine rugose ridges. A narrow band of etenoid scales crosses 

the top of the premaxillaries just in front of the rostral groove (this char- 

acter will likely prove variable, as it is in C. aya). The exposed part of 

the maxillary, behind the anterior grooved area, is evenly covered with 

small ctenoid seales. Fine ectenoid seales cover the mandibles forward to 

a little beyond the end of the gape. There is only a small sealeless area 

around the anterior nostril and below the posterior nostril. This sealeless 

strip extends backward to the orbit below the anterior prolongation of the 

upper bony orbital rim. A very narrow and irregular sealeless groove, 

seemingly distinctive among the American Pacific species of the subfamily, 

but which will probably prove variable, as it is in C. aya, extends forward 

from in front of the anterior nostril to the row of seales bordering the 

rostral edge. A small triangular sealeless area (which will probably prove 

variable, as it is in other species) extends upward and backward from the 

upper bony orbital rim. At the apex, the width of this sealeless area is 

only about one-fifth that of the orbit. The fleshy upper orbital rim, largely 

concealed by the bony rim, bears some scales, mostly small and smooth 

(probably also a variable character, or one affected by loss of scales). 

The sealeless margin of the soft dorsal is about one-third as wide as the 

orbit; that of the soft anal, about one-fourth the orbit. In each fin the outer 

part of the interradial membranes is more or less sealeless for an addi- 

tional distance about equal to the width of the totally sealeless margin. 

Anteriorly, these sealeless grooves are more extensive. Along the thickened 

base of each alternate dorsal spine and along one side of the third anal 

spine an acute triangle of scales runs well out on the spine. Except on a 

basal band about two-thirds as wide as the orbit, and near the upper and 
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lower margins, the caudal fin is very weakly scaled. The scales on the 

branching rays are very small, delicate, and difficult to see. Beyond the 

scaly base single or double files of scales extend only a very short distance 

outward on each interradial membrane, scarcely at all on the membranes 

between the innermost rays. (It is possible that etenoid scales may have 

covered more of the caudal in life.) 

LATERAL LINE. The lateral line forms an almost even are backward to 

its end about five tiny scale rows before and above the end of the dorsal 

base. The pores behind the scapular process number 44-46. The small 

lateral-line scales are more isolated from one another than in C. aya. On 

the midsides in advance of the vertical from the end of the lateral line, on 

the right side only, are two pored scales in series (not included in the count). 

Bopy AND HEAD CHARACTERS 

Bopy Form. Behind the head, the body, including the fleshy sealed fin 

bases, is virtually square. The vertical depth from the edge of the dorsal 

scale sheath to near the pelvie insertion steps 1.75 in the standard length. 

The edge of the thick sealy covering of the dorsal fin is approximately 

straight and horizontal from the second dorsal spine to the extreme front 

part of the soft dorsal. The ventral contour is similarly almost straight 

and horizontal from a little in front of the pelvic insertion to the extreme 

anterior part of the soft anal. From the dorsal origin to the concavity of 

the snout the profile is almost straight (very slightly sigmoid) and forms 

an angle of 52° with the body axis and an angle of 83° with the chord of 

the anteroventral contour behind the muzzle. The scaly bases of the soft- 

dorsal and soft-anal fins appear very steep in external view, though the 

actual structural bases as measured on the X-ray photograph (plate I, 

figure 2) describe an angle of only 81°. 

SNOUT AND MUZZLE. The snout is notably produced, narrowed, and 

sharpened. Its dorsal profile forms an angle of 150° with the profile between 

the snout and the dorsal fin. The angle of the muzzle is about 40° in lateral 

view and 29° in dorsal aspect (each measurement excluding the abruptly 

rounded tip.) The greatest width in front of the eye steps 1.8 in the length 

of the snout. Since the snout is a little longer than the postorbital, the 

center of the eye is slightly behind the middle of the leneth of the head, 

which, including the opercular membrane, steps 2.8 in the standard length. 

MoutH ANpb jaws. The front of the low and subhorizontal gape lies 

definitely below the lower border of the orbit. The lower border of the 

upper jaw forms an angle of 21° with the body axis. The gape is not quite 

half the leneth of the upper jaw, which enters the head length 3.5 times. 

The anterior parts of the jaws are expanded forward to accentuate the 

beaklike form of the snout. The midline length of the upper lip is actually 
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more than half the length of the orbit. Above and behind a deep fissure 

the lips are sculptured by parallel grooves and more or less crenate ridges. 

The fissure is about three-fourths as long as the orbit. It starts, in side 

view, near the middle of the anterior premaxillary expansion and extends 

to approximately the middle of the length of the posterior maxillary dila- 

tion, near its lower border. There is no vertical groove on the maxillary. 

The margin of the upper lip is somewhat pendant, especially on the sides 

opposite a shght anterior lobation of the lower lip. The front of the gape 

is narrowly and evenly rounded transversely, with no marked irregularity 

on either lip. 

TEETH. The teeth of the jaws extend to the end of the gape. Those 

of the outer row are slightly enlarged. The very fine inner teeth are defi- 

nitely aligned in each jaw in twelve nearly straight transverse rows across 

the semispherical tip of the beak. Posteriorly the inner teeth are less regu- 

larly arranged and form a narrower band. The midline length of each 

anterior tooth patch measures 3.5 in the orbit. The vomer is edentulous. 

GILL RAKERS. The rakers, including rudiments, number 5 + 11 on 

the outer arch. Those of the upper limb are soft. The longest, near the 

middle of the lower limb, barely reach the second raker below. 

Bony MARGINS. The preorbital border is finely denticulate, especially 

at the squarish anterolateral corner. The preopercular denticulations, 

mostly very fine, are somewhat enlarged and directed backward at the 

rounded angle, above which the nearly vertical margin is rather strongly 

coneave and below which the somewhat oblique edge is weakly concave. 

The exposed border of the scapular process is also denticulate. 

The upper border of the orbit is roughened by several series of minute 

denticulations. In the sealeless area, extending upward and backward from 

the upper orbital rim, the fine spinulation continues for a short distance 

and then becomes transformed into larger points and very short ridges, 

rendering the whole exposed area rough (perhaps more so than in other 

specimens). The bony orbital rim is scareely expanded in the prefrontal 

region. It is extended downward and forward about halfway to the posterior 

nostril, departing here from the margin of the orbit and lying above the 

sealeless area behind the nostrils (this character will probably vary widely, 

as it does in other species). The bony orbital margin is extended down the 

posterior edge, to continue below the orbit and up to near the middle of the 

front edge. Around the lower half of the orbit the more or less trenchant 

bony rim is armed in the type specimen with a row of fine serrulations, in 

places backed by other, minute points. 

OSTEOLOGICAL F’'EATURES 

VERTEBRAE AND HYPURALS. Many of the bony structures can be made 
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out on an X-ray photograph (plate I, figure 2). The vertebrae number 

10 + 14 (including the hypural plate). The first two are reduced in size. 

The caudal rays impinge on eleven hypural elements, six above and five 

below, of which 3 + 3 comprise the hypurals proper, arising from the 

lower edge of the upturned axis. The hypurals support all seventeen prin- 

cipal caudal rays except the lowermost two, which arise, respectively, just 

above and on the more posterior of the two hypural-like interhemals of 

the twenty-third vertebra. On the six hypurals the principal rays originate 

according to the following formula, counting downward: 3 + 4 + 2— 9; 

1+ 4+ 1=6. The four upper procurrent rays arise from the two loose 

epurals, and a minute blob of ray tissue hes beyond the tip of the neural 

element of the last vertebra. The three lower procurrent rays arise from 

the two hemal elements connected with the last normal centrum. Only the 

posteriormost procurrent ray, above and below, is segmented. 

VERTEBRAL SPINES AND INTERSPINALS. The interneurals of the last two 

dorsal spines arise on either side of the definitely longer neural spine of the 

twelfth vertebra. This neural spine is sagittally expanded toward the base, 

thus contrasting with the spines that follow. From the twelfth to the eighth 

the neural spines remain nearly at right angles to the vertebral column, in- 

crease in thickness, and become shorter, finally to reach only halfway to 

the base of the dorsal spines. From the seventh to the third the neural 

spines become oblique and still shorter. The first two become more erect 

and the first is the smallest. The interneurals increase in strength forward 

from that of the last dorsal spine to that of the second spine, which inter- 

neural is directed slightly forward to fit between the first two neural spines 

close to the vertebrae. The interneural of the first dorsal spine comprises a 

flat shaft that impinges on the following interneural and that bears, at its 

upper end, a strong thornlike process directed forward and downward. The 

two rodlike interneurals that arise on either side of the tip of the first neural 

spine have, at the top, nearly fused, forward-directed, thornlike processes, 

which, together with the larger process just mentioned, form a bridge, 

hidden beneath the sharp anterodorsal rim of the body, between the first 

dorsal spine and the very strong, high, and sharply elevated supraoccipital 

spine. The hemal spine of the first caudal vertebra is considerably expanded 

where it lies behind the very strong spinelike interhemal of the second anal 

spine. That interhemal reaches slightly more than halfway to the central 

line of the vertebral column. 

SKULL. Above the orbital rim and the base of the first vertebra, the 

skull in side view forms approximately an equilateral triangle, with the 

apex, at the base of the supraoccipital spine, located above the isthmus a 

distance equal to that from the tip of the snout to the posterior margin of 
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the shoulder girdle. In side view the premaxillaries and dentaries are very 

slender. The least dorsoventral dimension of the premaxillaries, near the 

rear of the anterior dental expansion, is only 0.1 the antorbital leneth of the 

skull. 

COLORATION 

(Plate I, figure 1) 

SCYTHE-SHAPED MARK. The outstanding colorational feature of this spe- 

cies is the scythelike mark on the sides of the head and body. In life this 

mark was deep brown-purple, almost jet-black. After over a year in 40% 

isopropyl aleonol, following initial preservation in formalin, this color, like 

many of the others, is little changed. The short “handle” of the “scythe” 

begins abruptly at the upper-posterior part of the interopercle, beneath 

and behind the preopercular angle. The “handle” continues upward and 

slightly backward to cover the subopercles and the opercle behind the upper 

bony process. There are dusky dapplings on the adjoining branchiostegal 

membrane. Continuing its steep course, at an angle of 62° with the axis of 

the body, the mark crosses the opercular membrane and attains a position 

astride the lateral line. Along the middle third of its anterior section, 

where it is slightly arched backward, the mark is about as wide as the 

orbit. The front edge of the band is weakly arched forward dorsally and 

extends to a rounded angle, somewhat greater than a right angle. The 

angle of the axis is about 80°. The apex is separated from the edge of the 

sealy sheath near the front of the fifth dorsal spine by an interval about 

two-thirds as wide as the orbit. The lower-posterior border of the anterior 

section of the mark follows throughout most of its length a nearly straight 

course, a little steeper than the anterodorsal contour of the body. Dorsally 

the ventral border arches rather abruptly backward, to reach its apex below 

the posterior exposed base of the fifth dorsal spine, in the third scale row 

below the lateral line. From the apex the lower border is gently curved to 

the acute end of the “seythe” on the sixth anal soft-ray. The upper border 

continues backward and slightly downward, nearly straight, to descend 

below the lateral line at a point nearly in line with the last spine of the 

normally expanded dorsal fin; that is, at a point about midway between 

the apex of the mark and the end of the dorsal base. From this point the 

upper edge of the “seythe” arches backward and then downward to the 

lower-posterior end. On the fleshy base of the anal fin the posterior edge 

of the mark is nearly straight and nearly vertical. The mark is separated 

from the end of the dorsal base by a distance two-thirds the leneth of the 

orbit; from the caudal flexure, by one orbital length; and from the end of 
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the anal base, by about one-fourth the orbit. The width of the band, meas- 

ured either downward and backward from the anterior apex, or at the 

oreatest width posteriorly, steps 2.4 in the head length. The least width 

between those points, not far behind the apex, is 3.3 in the head. 

BAND THROUGH EYE, AND ADJACENT CoLor. Another prominent and con- 

spicuous mark is the band, rather rich-brown in life and sooty blackish in 

preservative, that extends from the base of the first two or three dorsal 

spines downward and slightly forward to the upper rim of the orbit. With 

decreased intensity, though still conspicuous, it cuts obliquely across the 

eye and then continues, much less steeply and with a weak downward 

curvature, well above the mouth, toward but not quite to the rostral fold; 

except near the eye, the lower border is horizontal. The narrow light area in 

front of the band was somewhat yellow in life. Above and behind the eye 

there was considerable yellow both before and behind the band. On the 

head above the eye the mark is blackest, with a further intensification along 

either edge. Farther upward and backward the anterior edge remains 

sharp, along the narrow light V on the predorsal contour. Posteriorly, 

the upper part of the band fades gradually into a pale color, with (in pre- 

servative at least) silvery specks at the scale bases. These specks extend 

to the “scythe.” The greatest width of the stripe, where well defined, is 

about three-fourths that of the orbit. 

MIppoRSAL STRIPE ON HEAD. A third stripe, about one-third as wide as 

the orbit, dusky-centered and blackish-edged, extends from above the middle 

of the eve to the premaxillary groove. It is continued forward, on the top of 

the broad premaxillary expansion, as a solid blackish bar about one-fourth 

to one-sixth as wide as the orbit. 

SIDE OF HEAD. In advance of the “scythe” the sides of the head in life 

reflected rather strong blue glints, which were strongest on the opercles. 

The very edge of the orbit, posteriorly and ventrally, is h¢ht (bright yellow 

in life). Since the ocular bar is extended forward on the side of the snout 

there is no trace of a suborbital bar, and since the anterior part of the 

“seythe,” representing the second bar of many species, extends across the 

opercles, there are no markings about the pectoral base. In the field notes 

no evidence was recorded of definite light margins on the main dark bars, 

such as are evident on specimens of C. aya preserved in alcohol. 

‘ ABOVE AND BEHIND THE “SCYTHE.” Above and behind the “scythe,” 

down to the level of the upper edge of the caudal peduncle, and extending 

over the thickened scaly base of the dorsal fin, the color in life was purplish- 

gray over a yellowish base. The purplish-gray remains in the alcohol-pre- 

served specimen. In this area there are faint dusky specks at the scale 

bases. Where it is exposed along the upper edge of and behind the “‘seythe,” 
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the lateral line in life was iridescent silvery on the specialized seales, and in 

alcohol the line remains hght. In life the caudal peduncle was yellow-brown, 

becoming almost clear yellow ventrally. In aleohol the pedunele is lightened, 

especially on the lower surface. 

BELow THE “scyTHE.” Below the black mark the sides were brightened 

in life by silvery-violet reflections. In this area there were rather indistinct 

purplish-eray streaks along the middle of the scale rows. Anteriorly, this 

color became almost solid on the scales, except for a ereamy anterior border. 

The purplish-gray streaks remain in alcohol, and silvery flecks are generally 

interspersed between the streaks. 

VENTRAL SURFACE AND LOWER FINS. In life the ventral surface was 

lemon. This color extended onto the pelvie and anal fins and became 

intensified on the membranes behind the spines. Otherwise these fins were 

dusky olive-yvellow, shading outward to blackish-brown at the margin of the 

pelvie soft-rays (excluding the pale filament) and just within the margin 

of the soft part of the anal fin. In alcohol the anal spines are pale gray, 

but the soft anal becomes almost solid black on the sharp outer edge of the 

dark area. The clear margin becomes pinched out at the first anal soft-ray. 

Along the upper, posterior part of the fin the abruptly clear margin is 

about one-sixth as wide as the orbit. The pelvie in aleohol remains blackish 

toward the posterior margin, leaving the spine, the front of the first soft- 

ray, and the filament pale gray. The pectoral was essentially clear in life. 

In alcohol its upper margin is slightly darkened and the rays are set off 

by fine purplish edges. 

CaupAL FIN. In life this fin had some purplish-gray on the rays. In 

alcohol the fin is slightly dusky, with a blackish upper and lower border, 

and there are blackish edges along the rays near the middle third of their 

length. 

Dorsau FIN. In life the spines of this fin were purple-black and the 

median interspinal membranes were blotched with yellow and purplish-gray. 

The outer part of the fin from the seventh spine backward was sooty with 

some purple, and with some yellow showing through. The soft dorsal was 

purplsh-gray over pale vellow basally, then light yellowish in an irregular, 

subvertical band, which was followed by a blackish-purple band inside the 

almost clear, slightly purple-gray margin. In alcohol the blackish color 

remains. It is more or less solid on the exposed parts of the spines, except 

for a lighter basal streak from the third to the tenth spines. The first two 

membranes are almost solidly blackish. The third to sixth membranes are 

light, with blackish dappling. Except on the pale basal streak the follow- 

ine membranes, where exposed, are blackish, especially behind the spines. 

The blackish area on the outer-posterior part of the spinous dorsal is con- 
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tinued backward, and then downward on the soft dorsal, as a submarginal 

blackish band, which becomes narrower and intensified toward the end of 

the fin. On the anterior third of the soft dorsal the band is about as wide 

as the orbit and fades into the purplish base of the fin, but on the posterior 

two-thirds of the fin the blackish and purplish areas are separated by the 

remnants of the subvertical yellowish band. Throughout the fin the dark 

streak is abruptly separated from the margin by the clear light area, which, 

except toward the ends, is about one-third as wide as the orbit. Thus, the 

soft dorsal and the soft anal are very similarly colored. 

MEASUREMENTS 

PROPORTIONS OF PARTS COMPUTED AS THOUSANDTHS OF THE STANDARD 

LENGTH (138 mm.). Greatest body depth (from near pelvic insertion ver- 

tically to top of scaly sheath), 554; least depth of caudal pedunele, 104; 

length of peduncle from end of anal base to caudal flexure on midline, 86. 

Predorsal length, 425; prepelvie length, 483; caudal flexure to anal origin, 

397; thence to pelvic insertion, 317; thence to isthmus, 223. Length of head 

to edge of opercular membrane, 354. Widths of head: at widest point, 130; 

at muzzle, across front of orbits, 81; across maxillaries, 70; opposite front 

of rostral groove, 45. Length of upper jaw, 103; midline length of upper 

hp, 46. From anterior nostril to rostral groove, 69. Length of orbit (be- 

tween free rims), 79. Least distance from free rim of orbit: to front of 

upper lip (length of snout), 147; to rostral fold (preorbital width), 97; 

to suborbital margin, behind mouth (suborbital width), 70; to other orbit 

(least fleshy interorbital width, anteriorly), 75; to farthest point on margin 

of opercular membrane (postorbital), 141; to preopercular angle, 119; to 

ventral contour of head, 109; to dorsal origin, 246. Length of dorsal spines 

(alone middle of side above edge of scaly sheath, disregarding sealy ex- 

tensions along front of alternate spines) : first, 96; second, 178; third and 

fourth, 280 each; fifth, 246; sixth, 225; seventh, 193; eighth, 168; ninth, 

137; tenth, 120; eleventh, 100; twelfth, 85; thirteenth, 67. Length of anal 

spines, similarly measured from scaly sheath: first, 93; second, 198; third, 

165. Other fin measurements: length of anal base, 310; length of middle 

caudal rays, 180; length of pectoral from upper axil, 266; width across 

pectoral base, 81; length of pelvic spine along front, 226; length of pelvie 

fin, including filament, 293. 

DERIVATION OF NAME 

The species name falcifer is the Latin word signifying seythe-bearer, in 

allusion to the diagnostic seythe-shaped color mark. We treat it as a noun 

and it is therefore not declinable. 
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DISTINCTIVE CHARACTERS AND RELATIONSHIPS OF THE 

THREE OTHER EASTERN PACIFIC CHAETODONTINES 

An examination of the three other chaetodontines of the eastern Pacific, 

made in the University of California at Los Angeles by courtesy of Boyd 

W. Walker, has disclosed a considerable number of distinctive characters 

in the structure of the head and in the squamation of the head and caudal 

fin. Sharp differences between all four species are apparent in most of 

these characters. Some of these specific differences may well prove useful 

in the definition of species groups and subgenera, perhaps even of genera. 

Since we have no present opportunity to test the wider application of these 

features in the classification of the group, we offer only the following 

descriptive remarks, accompanied by inferences as to the relationships of 

the three species. 

Chaetodon humeralis Giinther. 

The series of specimens (W 51-20) studied in most detail was taken 

by Boyd W. Walker and party on January 25, 1951, on the shoreward side 

of Isla Venado, near Mazatlan, Sinaloa, México, but others were examined 

to verify the consistency of the characters. 

MoutH AND GAPE. As seen from above, the mouth is rather evenly 

arched and shows only a trace of lateral knobs. 

Lies. The upper lip is divided laterally by a prominent lengthwise 

eroove, behind which the skin is broken into rather fine but sharp folds and 

creases. The main lengthwise groove is continued backward and down- 

ward as a deep fissure, behind which the surface is sealy and before which 

it is smooth, except for an irregular subvertical groove seen only in this 

species. 

TEETH IN JAWs. In each jaw there are about 8 cross rows of fine teeth 

behind the somewhat enlarged outer row. In the lower jaw the rows are 

broadly curved. 

Bony MARGINS. The preopercle and the lower preorbital margin are 

finely denticulate. The bony orbital rim is weakly denticulate at the very 

edge only. There is no rough exposed bony area above the orbit. 

SQUAMATION ABOUT ORBIT AND MUZZLE. There is no scaleless area above 

the orbit. In fact, the narrow fleshy band along the upper part of the orbit 

is fully exposed and is closely covered with hard ctenoid scales. These scales 

expand the flattish interorbital area a little on each side. The scaleless 

fossa about the nostrils is very small. The snout is well scaled forward to 

the rostral groove except for a small area on each side about a slight knob 
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at the front of each preorbital. The lower edge of the preorbital is nearly 

concealed by scales. The posterior exposed lobe of the maxillary is covered 

with strongly ctenoid scales. 

SQUAMATION OF CAUDAL FIN. The caudal is covered by ctenoid seales 

over more than three-fourths of its length, leaving a naked margin some- 

what wider than that on the soft parts of the dorsal and anal. The basal 

band of body-type seales is broader than in the other species. The small 

though rough seales are in strips centered along the interradial membranes, 

but these strips contain several scale rows, and they are so wide that there 

intervenes between each pair only a narrow, more or less closed groove 

along the unbranched part of each ray out beyond the thickly sealed basal 

area of the fin. 

RELATIONSHIPS. This, the only previously described species from the 

eastern Pacific to be retained in Chaetodon, seems fully distinet from its 

nearest congenors in the Indo-Pacific and West Indian faunas. No attempt 

has been made to seek its nearest apparent relatives. 

Heniochus nigrirostris (ill). 

The specimen (W 52-258) examined in most detail was collected in 

Bahia San Lueas, Baja California, by Murray A. Newman and John E. 

Fitch, on December 1, 1952. Other examples were checked to verify the 

characters. 

MoutH AND Gare. The front of the gape is almost straight and trans- 

verse, with an almost lobular angle on either side of each jaw. 

Lips. In this species the lips are only weakly grooved in advance of, 

and above, about three moderate oblique fissures in the premaxillary region. 

There is no main longitudinal groove and no vertical groove on the maxil- 

lary, the exposed face of which is moderately rugose. 

TEETH IN JAWs. The inner teeth are in only about 6 transverse rows 

in the front part of each jaw. In the lower jaw the arrangement is less 

regular than in the upper jaw and the rows are less transverse, because 

of the close approximation of the mandibles. 

Bony MarGINS. The preopercle and the lower margin of the preorbital 

vary from nearly smooth to finely and regularly denticulate. The lower 

border of the orbit is finely denticulate with tiny uniserial teeth. On the 

upper orbital border the bony points are more numerous and are pluriserial. 

This rough and exposed bony margin continues into a triangular expansion 

above and inward from the middle of the orbit. On the nearly naked, 

slightly fleshy area on each side of the interorbital, inward from and in front 
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of the rugose area, there is evident a branching pattern of lateral-line 

canals. In the prefrontal region, the upper orbital margin is produced as 

a sheht flange, with somewhat strenethened denticulations. 

SQUAMATION ABOUT ORBIT AND MUZZLE. The fleshy upper orbital rim 

is sealeless in this species. Under the prefrontal! flange just mentioned this 

dermal band bears several finely papillate dermal ridges. The rugose bony 

area within and above the bony orbital rim is nearly all sealeless, as is a 

fleshy area in advance thereot. The scales on the top of the head become 

obsolete between the nostrils, with few extending slightly farther forward. 

There is a wide, almost wholly sealeless fossa about the nostrils, continuous 

with the naked front of the muzzle. There appear to be no seales on the 

maxillary. 

SQUAMATION OF CAUDAL FIN. The body-type seales form a rather nar- 

row basal band on the caudal, with extensions toward the upper and lower 

margins of the fin. Over most of the rest of the fin the seales (bearing mod- 

erate ctenil) extend much less than halfway to the rear margin; they are in 

single series overlying the subbasal part of the interradial membranes, 

leaving the intervening rays largely free of scales. 

GENERIC POSITION. As can be seen from the figures of nigrirostris pub- 

lished by Jordan and Evermann (1900: 3283, pl. 248, fig. 620), by Gilbert 

and Starks (1904: 148-149, pl. 24, fig. 47), and by Schultz (1951: 486, fig. 

94), and as ean be determined from Hildebrand’s key and descriptions 

(Meek and Hildebrand, 1928: 766-770), nigrirostris differs sharply from 

other species referred to Chaetodon (including C. falcifer) im having the 

lateral line extended to the middle of the base of the caudal fin, instead of 

ending at the axil of the soft dorsal fin or at some point high on the fish 

anterior to and approximately in line with the axil. This distinction in 

posterior termination and position of the lateral line was used by Herre 

and Montalban (1927: 13-14), justifiably we think, as a primary character 

in the generic analysis of the family. Weber and de Beaufort (1936: 15-16) 

also utilized the character in their generic analysis of the Chaetodontinae 

(but, in this respect, inadvertently misplaced Heniochus in their key). The 

same or similar lateral-line characters have been employed in recent analyses 

of the genera of the subfamily Pomacanthinae (Fraser-Brunner, 1933; 

Smith, 1955). 

For these reasons we think that nigrirostris is misplaced in the genus 

Chaetodon. It does not, however, fit perfectly into any of the genera as 

defined by Herre and Montalban, or by such other revisers as Giinther 

(1860: 2), Bleeker (1878: 22-72, and preceding papers), Jordan and Ever- 

mann (1898: 1673; 1905: 362), Ahl (1927: 7), Weber and de Beaufort 

(1936: 14-16), and Woods (in Schultz, 1953: 566-575). 
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The species nigrirostris would fit into Heniochus quite well if the fourth 

dorsal spine were more produced or if the orbital or nuchal spines were 

developed (the apparent predorsal spine in Schultz’s 1951 figure 94 is a 

printer’s artifact, as can be seen by checking this figure with another, from 

the same drawing, published by Jordan and Evermann). But since Hen- 

ochus is characterized either by having the fourth dorsal spine more or less 

prolonged or by having hornlike processes on either the orbit or the nape, 

or both, nigrirostris may be interpreted as having been derived from the 

common ancestor of this assemblage, as thus heterogeneously diagnosed, for 

it, as the inferred ancestor presumably did, lacks the specialized processes 

and has the fourth dorsal spine only slightly produced (less so than in any 

species currently referred to Heniochus). Pending further studies, we sug- 

gest that nigrirostris be referred to Heniochus, and thus be named Heni- 

ochus nigrirostris (Gill). It might also be referred to Hemitaurichthys, 

though it differs from the species of that genus, as currently distinguished 

(as by Weber and de Beaufort, 1986: 15, 24-25), in having the fourth 

dorsal spine rather than the middle ones highest, the scales less reduced 

in size, and the body outline less elliptical. These are relatively minor char- 

acters. Until more trenchant differences are encountered, some doubt will 

pertain to the separation of Hemitaurichthys from Heniochus. 

We feel considerable reserve in the reference of nigrirostris to Heniochus, 

because the current classification of the chaetodontines is so unsatisfactory. 

Furthermore, Loren P. Woods, who has studied the family extensively, has 

suggested (in letter) that the contrasting lateral-line characters on which 

we have relied may tend to intergrade. But on checking his notes on this 

character, for 39 species that he placed in Chaetodon, it appears that he 

found the lateral line proper incomplete and ending far above the axis of 

the body in all, with the tubes ending at some point under the posterior 

half of the soft dorsal (or, under the middle part of the second dorsal in 

C. triangulum, which is referred to Gonochaetodon by Weber and de Beau- 

fort, and in C. auriga). In two species he found, in addition, some lateral- 

line structures in a separate series on the midside of the caudal peduncle 

(as is also true of some pomacanthines). In C. auriga Forskal he observed 

a few “pored seales” but no tubes on the pedunele, and in C. miliaris Quoy 

and Gaimard he located on the peduncle a double row of pitted scales. In 

the same two species we find only some neuromast pits (in part short-linear 

in ©. miliaris) in the axial scale row on the peduncle and on a few scales 

running upward and forward, but not nearly connecting with the lateral 

line proper. We have found similar neuromast pits in some specimens of 

C. aya, which may also have other pits on the first scale row above the 

lateral line and, scatteringly, elsewhere on the body. The type of C. falcifer 

has, on the right side only, two misplaced tubes and pores on the midside 
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before the vertical from the end of the lateral line. We do not regard such 

irregularities as of any great taxonomic significance. 

Furthermore, Leonard P. Schultz, after examining for us a long range 

of species in the United States National Museum, concurs in our interpreta- 

tion of the generic significance of the lateral-line character and in the 

provisional reference of nigrirostris to Heniochus. Examination of many 

published figures seems to confirm the significance of the lateral-line dis- 

tinction. Certain apparent exceptions to the lateral-line character appearing 

on the plates in Bleeker’s “Atlas” (1878) become resolved when it is seen 

that the names and figures were inadvertently transposed on plate 375 for 

Coradion melanopus and Megaprotodon strigangulus and on plate 376 for 

Tetragonoptrus (Linophora) Rafflesii and Coradion chrysozonus. 

Forcipiger longirostris (Broussonet). 

The specimens studied were one (W 55-161) taken at Isla Clarion of 

the Revillagigedo group by Richard H. Rosenblatt and Raymond M. Gil- 

more on May 7, 1955, and two (W 53-351) from Isla Socorro, of the same 

group, taken by Bayard H. Brattstrom on November 18, 1953. 

MoutH AND GAPE. The very peculiar mouth of this species has been 

duly described. In top view it is very narrow and rounded. 

Lips. There are no prominent grooves or ridges on either the pre- 

maxillary or the maxillary region. 

TEETH AND JAWs. The inner teeth in the front part of the beak are 

arranged in about 20 to 25 cross rows in the upper jaw and in 25 or more 

rows in the lower jaw. 

Bony maArGINS. The preopercular edge varies from strictly entire to 

incipiently denticulate. The lower border of the preorbital is smooth ante- 

riorly, slightly to moderately denticulate posteriorly. The lower border of 

the suborbitals is either free (with smooth edge) or bound down. The upper 

and lower anterior corners of the preorbital are produced in bony lobes. 

When and where naked, the surface of the preorbital is more or less strongly 

sculptured, somewhat like the skull above each orbit. In that region, to a 

varying degree, the skull bones are exposed in a crescentie area, with definite 

bony ridges in a very complicated pattern, largely lengthwise anteriorly 

and dorsally, largely scroll-like posteriorly and ventrally. The actual bony 

rim is rough but hardly denticulate. 

SQUAMATION ABOUT ORBIT AND MUZZLE. The sealeless area above the 

orbital rim varies considerably, but near the rim is probably always naked. 

On the preorbital the scales may be eyeloid and confined to an anterodorsal 

patch, or may be ctenoid over almost the whole bone. There is a large 
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scaleless narial fossa and most of the top of the snout anterior to the nostrils 

is naked; but here also the completeness of the squamation varies. The top 

of the beak just before the rostral fold may be either naked, like the rest 

of the beak, or may bear a variable patch of smooth seales. The narrow 

fleshy band along the upper orbital rim is sealeless, and in some specimens 

is concealed beneath the bony rim. 

SQUAMATION OF CAUDAL FIN. The squamation of the tail fin is essen- 

tially as in H. nigrirostris, with a narrow basal band of ordinary overlap- 

ping seales and irregular uniserial rows extending out on the membranes, 

but ending short of the middle of the rays over most of the fin. 

RELATIONSHIPS. It seems highly probable that Forcipiger was derived 

from a Heniochus-like ancestor with a primitive lateral line. Its chief modi- 

fication seems to be the beaklike muzzle, which is presumably an adaptation 

for the procurement of food in small recesses, on the coral reefs that are 

spectacularly overgrazed. The interpretation of Prognathodes as convergent 

in the beaklike structure (see following section) lessens the apparent taxo- 

nomic value of the character and discounts any probable direct relationship 

between Forcipiger and such species of Chaetodon as C. falcifer and C. aya. 

TAXONOMIC NOTES ON ATLANTIC RELATIVES 

OF CHAETODON FALCIFER 

Following are the synonymies, records, and taxonomic notes for the 

three little-known Atlantic species that we regard as rather close relatives 

of Chaetodon falcifer. 

Chaetodon aya Jordan. 

(Plate II, figure 1; Plate III, figure 1.) 

Chaetodon aya JoRDAN, 1886: 225 (original description; distinguished by colora- 

tion; Snapper Banks, near Pensacola, Florida). EIGENMANN and HOoRNING, 

1887: 5, 8, 18 (comparison and diagnosis, based on type; northern Gulf Coast 

of Florida; Pensacola). JoRDAN and EveRMANN, 1898: 1673, 1676-1677 (compari- 

sons; description; rather deep water; Gulf of Mexico). Aut, 1923: 122-123 

(after Jordan and Evermann; placed in section Chaetodontops, misspelled Chae- 

dontops on p. 111). Breper, 1929: 215, 217 (comparisons; Gulf of Mexico; 

chiefly in rather deep water; “may represent the young of some other species’). 
eee 

PLATE II 

Figure 1. Chaetodon aya Jordan, from half-grown specimen (C.N.H.M. 45564) 

65 mm. long, trawled off northern Florida at a depth of 25-30 fathoms. The dark 

margins on the soft dorsal and anal fins and the dark bar on the caudal are photo- 

graphic artifacts. Photo by Scripps Institution. 

Figure 2. Holotype of Chaetodon marcellae Poll, reproduced, by permission, 

from Poll (1950: fig. 1). 



VoL. XXIX | HUBBS & RECHNITZER: A NEW CHAETODON 301 

Sean = 

2 Sx 

FG. 2 



302 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4TH SER. 

Nicuots and Firru, 1939: 87-88 (off North Carolina; faunal relationships; 

description). HitpeBraNnpb, in LONGLEY and HILDEBRAND, 1941: 150-151 (Tortugas, 

Florida; depth distribution; color; counts and proportions; except smallest 

specimen, which is C. ocellatus). 

Increased collecting in deeper water has yielded a moderate amount of 

material of this species, which was long known only from the holotype. 

Following are data on the material in the United States National Museum 

and the Chicago Natural History Museum. No specimens were located in 

the Museum of Comparative Zoology, in the Academy of Natural Sciences 

of Philadelphia, or in the University of Michigan Museum of Zoology. The 

only other specimen known is the one reported by Nichols and Firth. 

U.S.N.M. 37747 (1 half-grown, 28.7 mm. in standard length, slightly over 114 

inches to end of broken caudal): near Pensacola, Florida, Silas Stearns.—This is 

obviously the holotype. 

U.S.N.M. 37862 (1 subadult, 63 mm. long): “W. Coast of Florida, Str. Alba- 

tross, 1885.”—This specimen has not been mentioned in the literature. It is much 

too large to be the holotype. 

U.S.N.M. 116850 (7 specimens, half-grown to adult, 32-82 mm.): south of 

Tortugas, Florida——These are the specimens collected by William H. Longley and 

reported by Hildebrand (in Longley and Hildebrand, 1941: 150) as having been 

taken at two stations: the two largest, 70-82 mm. long, now tied together with tin 

tag number 12, from 39 fathoms; the five smallest, 32-69 mm. long, from 40 fathoms. 

These series correspond with Longley’s total-length measurements of 90-102 and 

41-85 mm., respectively. The eighth specimen, 27 mm. in total length, 22 mm. to 

caudal, which Hildebrand reported as obviously representing a third collection of 

the species, for which no data could be found in Longley’s notes, proves to be a 

typical young example of Chaetodon ocellatus. It has been recataloged as U.S.N.M. 

164519. 

U.S.N.M. 131893 (1 adult, 81 mm. long): Gulf of Mexico, at Albatross Sta. 

2365, just north of the tip of Yucatan Peninsula, at 22° 18’ 00” N. Lat., 87° 04’ 00” 

W. Long., depth 24 fathoms, bottom of white rock and coral, January 30, 1885. 

U.S.N.M. 151980 (1 adult, 98.5 mm. long): Long Bay, South Carolina, trawled 

by the Albatross III on cruise 31-C, Sta. 3, tow 5 (No. 14593), from 33° 35.5’ N. Lat., 

76° 53.5’ W. Long., to 33° 36’ N., 76° 51’ W., depth 40-45 fathoms, February 10, 

1950.—This specimen is shown on plate III, figure 1. 

U.S.N.M. 152023 (1 adult, 82 mm. long): off Carolina Beach, North Carolina, 

trawled by the Albatross III on cruise 31-A, Sta. 2, tow 2 (No. 14506), from 34° 05’ 

N. Lat., 76° 21’ W. Long., to 34° 01’ N., 76° 18’ W., depth 25-75 fathoms, January 19, 

1950. 

C.N.H.M. 45564 (2 subadults, 63-65 mm. long): Gulf of Mexico, off northern 

Florida, trawled by the Oregon at Sta. 727-728, 28° 44’ N. Lat., 85° 01’ W. Long., 

depth 25-30 fathoms, December 16, 1952.—One of these specimens is shown on 

plate II, figure 1. 

C.N.H.M. 46566 (1 adult, 77 mm. long): Gulf of Mexico, off southern Florida, 

trawled by the Oregon at Sta. 33, 25° 55’ N. Lat., 83° 53’ W. Long., depth 62 fathoms, 

June 24, 1950. 
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C.N.H.M. 59898 (1 adult, 81.5 mm. long): Gulf of Mexico, off northern Florida, 

trawled by the Oregon at Sta. 916, 28° 23’ N. Lat., 84° 49’ W. Long., depth 37 fathoms, 

October 3, 1953. 

C.N.H.M. 64369 (1 adult, 75.5 mm. long): off North Carolina, trawled by the 

Combat at Sta. C-384, 35° 54’ N. Lat., 75° 25’ W. Long., depth 75 fathoms, June 17, 

US le 

Counts were made on all specimens examined, on both sides for bilateral 

structures. The variation found in scale counts is indicated in table 1. 

Following is the observed variation in ray counts, with number of specimens 

in parentheses: dorsal spines 13 (16), 14 (1); dorsal soft-rays, 17 (2), 18 

(a eeto) (7); anal spmes, 3 (17): anal soft-ravs, 14 (2), 15 (14)0 16 (1): 

principal caudal rays, 16 (1, with fourth ray from bottom more widely 

forked than usual). 17 (16); pectoral rays, not distinguishing unbranched 

endunranched rays, 13—13) (il); 14-14 (10), 14—-2 (1), 14-15 (3), 215 

Ch) aio to (CL))> pelvic rays, -5-5—I, 5°(17). 

Checking in sequence the description of C. falcifer, we noted the fol- 

lowing characters on the specimens of C. aya listed above. The outermost 

pelvic scft-ray is produced into a short filament, about as in C. falcifer. In 

some specimens a few neuromast pits were observed on the scales of the 

midlateral row on the caudal peduncle, and on a few seales near the base of 

the peduncle, in a row extending upward and slightly forward. Other seales, 

scattered, bear such pits. Some of the scales in the row impinging above 

on the lateral line bear pits in some individuals. The seales across the top 

of the premaxillaries in front of the rostral fold vary from none to a band 

covering about half the exposed width of the premaxillaries. The groove 

from the nostrils to the rostral fold is variously sealed over. Variable also 

is the degree of scalelessness and of bony tuberculation on the small triangu- 

lar area above and behind the bony orbital rim. The length of the gape 

varies from considerably less than half to a little more than half the length 

of the upper jaw. The bony ridge between the upper orbital border and the 

posterior nostril may be detached or scarcely developed, but may also extend 

nearly to the nostril. In most specimens the narrow fleshy upper orbital 

rim, more or less protruding from the bony rim, is devoid of scales, perhaps 

as the result of loss, because in some examples this margin bears spiny scales. 

In some individuals this fleshy rim is scarcely apparent. Especially in the 

fish preserved in aleohol, and therefore retaining guanin, the rear border 

or even both edges of the band above the eye and both borders of the poste- 

rior bar are abruptly margined by a light streak. In the squamation of the 

caudal fin C. aya may differ from C. falcifer, but the loss of seales on this 

fin is difficult to appraise. In a few specimens strongly etenoid scales cover 

most of the caudal fin, except along the posterior margin, but in general 

such seales are confined to the basal part of the fin and the scales that may 
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have been lost have not left any conspicuous pockets. Except as noted 

above or in table 1, and except for internal characters and detailed measure- 

ments that were not taken, the description of C. falcifer applies quite well 

to C. aya. 

Chaetodon marcellae Poll. 

(Plate II, figure 2.) 

Chaetodon (Oxychaetodon) marcellae Pott, 1950 (November): 2-7, fig. 1 (original 

description; comparisons; 25 miles southwest of Pointe de Banda, west Africa, 

at 3° 57.5’ S. Lat., 10° 36.5’ E. Long.). 

Chaetodon altipinnis CADENAT, “1950” (but on rear cover is indication of publica- 

tion in 1951, as follows: ‘‘dépot légal 1951, ler trimestre, no 236’’): 239, 307, 315, 

318, fig. 174 (original diagnosis; Sénégal). 

This interesting species was described almost simultaneously by Poll 

and by Cadenat. Poll has advised us that his publication actually did ap- 

pear in 1950. It is obviously a very close relative of the western-Atlantic 

Chaetodon aya. In fact, the only really sharp difference that is apparent 

on comparing Poll’s description and figure with C. aya lies in the position 

of the posterior dark bar, which originates near the end instead of near the 

middle of the soft dorsal and is nearly vertical instead of rather strongly 

oblique (compare plate II, figure 1 and plate III, figure 1, with plate I, 

figure 2). This is obviously an adequate distinction. 

Poll referred marcellae to the Indo-Pacific subgenus Oxychaetodon, but 

the agreement is not close. He failed to appreciate the intimate relationship 

with C. aya, which until now has not been figured, and which Ahl referred 

to the subgenus Chaetodontops. 

Chaetodon marcellae, like C. aya and C. falcifer, is obviously a relatively 

deep-water species. The type was taken far offshore at a depth of 85 meters, 

on a bottom of sandy brown mud. 

This species may be included among the not inconsiderable number of 

essentially New World types that has become established in tropical west 

Africa (p. 308). 

Prognathodes aculeatus (Poey). 

(Plate III, figure 2.) 

Chelmon aculeatus Pory, 1860 (July): 202-203 (original description; rare; Cuba). 

Prognathodes aculeatus Porky, 1868: 354 (reference; characters). EIGENMANN and 

HorRNING, 1887: 2-3 (diagnosis; relations; after Giinther and Poey). JORDAN 

and EveERMANN, 1898: 1671 (description; synonymy; after Giinther and Poey). 

AHL, 1923: 11 (synonomy; relations; description; West Indies; Havana, Cuba). 

Prognathodus aculeatus BLEEKER, 1876a: 3038, 1876b: 315, and 1877: 32, 34 (charac- 

ters; genus; Synonymy). 

Chelmo pelta GUNTHER, 1860 (September): 38 (original description; locality un- 

certain). 
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As the synonymy indicates, this species was originally associated with 

Chelmon. Ever since the genus Prognathodes was based on this species by 

Hl (1862: 238), it has been regarded as a close relative of the Indo-Pacifie 

genera Chelmon, Chelmonops, and Forcipiger, obviously on the basis of the 

beakhke modification of the muzzle in all four genera. But those three 

genera have the lateral line of the Heniochus type (continuous to the caudal 

base), whereas in Prognathodes aculeatus the lateral line ends, as in Chae- 

todon aya, under the anterior part of the soft-dorsal fin, only about one 

scale row from the structural base of the rays. Since we regard the lateral- 

line character as of prime taxonomic significance, we interpret Chelmon, 

Chelmonops, and Forcipiger as modifications of a primitive member of the 

Heniochus series, and Prognathodes as only a parallel modification of 

Chaetodon. 

In fact, Prognathodes aculeatus appears to have arisen from Chaetodon 

aya or from a very similar, related species. This view was anticipated by 

Hildebrand in his estimate of C. aya as being rather intermediate between 

more ordinary species of Chaetodon and Prognathodes. The many points 

of resemblance between Prognathodes aculeatus and Chaetodon aya can 

hardly be fortuitous. In its beaklike modification P. aculeatus merely exag- 

gerates the characters of C. aya. In squamation, body form, extremely 

strong and greatly excised fin spines, and other respects, the two species 

are remarkably alike (see plate II). Even the fin formula is approximately 

the same (the type of P. aculeatus has XIII, 19 dorsal, III, 15 anal, 17 

eaudal, 14—14 pectoral, and I, 5 — I, 5 pelvic rays. Each species has finely 

denticulate bones around the orbit and has the muzzle well scaled forward 

to the rostral edge, with a more or less sealeless groove from nostril to the 

rostral fold, and the chin well scaled almost to its front. Each has the pre- 

opercular and scapular edges finely denticulate. In each the lateral line ends 

under the anterior part of the soft dorsal, as is noted above. The dark 

band through the eye is very similar. 

Although the two forms are so much alike, there can be no doubt that 

P. aculeatus is at least specifically distinet from C. aya. It differs from 

C. aya not only in the much more modified beak, as described below, but 

also in other respects. For instance, the posterior dark bar is apparently 

lacking, and the caudal peduncle is slenderer (ieast depth is less instead of 

more than one-fourth the leneth of the head). 

In view of the definite approach to Prognathodes of some species of 

Chaetodon, notably C. falcifer, C. aya, and C. marcellae, some ichthyologists 

may not wish to retain Prognathodes as a distinet genus. The only known 

differences lie in the beak structure. The jaws are slenderer and more pro- 

duced. The upper lp instead of covering much of the premaxillaries is 

confined to the extreme edge, leaving nearly all of the exposed premaxillary 
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surface smooth, bony, and sealeless, rather than rough, fleshy, and more or 

less scaled. Pending a more general study of the whole group, we suggest 

that Prognathodes be retained as a monotypic genus. 

The only specimen of P. aculeatus that we have located is U.S.N.M. 

4716. It is labelled as from ‘Cuba, Prof. F. Poey,” and it bears Felipe 

Poey’s original number 56. Although it seems slightly smaller than the 

specimen described by Poey (61 mm. in standard length, 73 mm. to the 

somewhat broken tip of the caudal, rather than 80 mm.) it is regarded as 

the holotype of Chelmon aculeatus Poey, and has been so designated in the 

National Museum records (Poey’s measurement may have been rounded 

out to 80 mm. and the specimen may have shrunk slightly since he measured 

it; restored, the total length would probably slightly exceed 75 mm.). The 

specimen was entered as Prognathodes pelta and is no doubt the one Gill 

examined when he described the genus, designating P. pelta as the type 

species. It is shown as plate ITI, figure 2. 

SYSTEMATIC AND ZOOGEOGRAPHICAL CONCLUSIONS 

Chaetodon falcifer is described as a strikingly distinct new species of 

butterflyfish from rather deep water at Guadalupe Island, an oceanic island 

in the Pacific Ocean well off the coast of Baja California. It is regarded 

as probably an endemie species, in an island fauna marked by a high inci- 

dence of endemism. It is, however, a deep-water form, which may have 

escaped attention elsewhere. 

Whether endemie or not on Guadalupe Island, C. falcifer ranks as one 

of the tropical elements in the mixed tropical and temperate fauna of this 

island. Currently, it is probably the northernmost representative of the 

Chaetodontidae in the eastern Pacific. There are apparently reliable indi- 

cations, however, that Chaetodon humeralis ranged north to San Diego 

during the warm period approximately one hundred years ago. 

The closest relatives of C. falcifer appear, on the basis of similar mor- 

phology and of the distinctively deep-water habitat, to be two Atlantic spe- 

cies, C. aya of the western North Atlantie and C. marcellae of tropical west 

Africa. The West Indian Prognathodes aculeatus appears to be a derivative 

of C. aya (or of a closely related species), differing in the more extreme 

modification of the beak. These circumstances illustrate two zoogeographieal 

PLATE III 

Figure 1. Chaetodon aya Jordan, from adult (U.S.N.M. 151980) 98.5 mm. long, 

trawled off Long Bay, South Carolina, at a depth of 40-45 fathoms. Photo by United 

States National Museum. 

Figure 2. Holotype of Chelmon aculeatus Poey = Prognathodes aculeatus 

(Poey), a specimen (U.S.N.M. 4716) 61 mm. in standard length. Photo by United 

States National Museum. 
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tendencies that are being increasingly indicated by critical taxonomic studies; 

namely, (1) the tendency for New World fishes to possess a marked inde- 

pendence and integrity, indicative of lines of evolution essentially distinct 

from those of related Old World types, and (2) the tendency for New World 

types to be sparingly but definitely represented in the fauna of tropical 

west Africa. 

In the classification of the Chaetodontidae far too much emphasis has 

been placed on the beaklike modification, such as is exhibited to a moderate 

degree by the species C. falcifer, C. aya, and C. marcellae, and, much more 

strikingly, by Prognathodes aculeatus. Thus, P. aculeatus has been con- 

sistently associated with the recognized genera Chelmon, Chelmonops, and 

Forcipiger because of the similar beakline feature, but those genera have 

a more primitive and more complete lateral line and appear to have stemmed 

from the Heniochus group, whereas Prognathodes is rather clearly a deriva- 

tive of Chaetodon. Genera in several other families of coral-reef fishes, for 

example, Lo among the Siganidae and Gomphosus among the Labridae, have 

developed a similar beak, which seems to be a modification for plucking 

food out of generally inaccessible crevices, on the notably overgrazed coral 

reefs. This is one of many examples among fishes of a nutritional character 

that has been overemphasized in taxonomy, but which is much subject to 

parallel and convergent evolution. 

It seems rather clear that the beak was independently evolved in the 

chaetodontines with an incomplete lateral line and in those with a complete 

line. The species Chaetodon falcifer, C. aya, C. marcellae, and Prognathodes 

aculeatus probably constitute one such phyletie line, but other species of 

Chaetodon with an incipient beak, such as those referred to subgenus Oxy- 

chaetodon, are likely of separate origin. Of the beaked chaetodontines with 

a complete lateral line, we see no assurance that Chelmon, Chelmonops, and 

Forcipiger represent a single natural group. Certainly Bleeker, Ahl, Jor- 

dan, and other students have erred in classing together all chaetodontids 

with a beak. 

The lateral-line character appears to be of greater significance as an 

index of phylogeny in the group. On the basis of its simpler, more complete 

and more primitive lateral line, the eastern Pacific species Chaetodon nigri- 

rostris is referred to the Heniochus series, tentatively to the genus Heni- 

ochus. Heniochus ngrirostris and Forcipiger longirostris are the only New 

World members of this series, and in the western hemisphere they are con- 

fined to the Pacific. They presumably represent, respectively, relatively 

old and new migrants, from the vast Indo-Pacific fauna, that have crossed 

the east-Pacific barrier. The Chaetodontinae as a whole are chiefly Indo- 

Pacific. 

On these interpretations the high specialization of most species of Heni- 
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ochus and of Chelmon, Chelmonops, and Forcipiger is coupled with a basically 

primitive feature in lateral-line structure. This view is consistent with the 

increasingly evident generalization that specialized and primitive characters 

tend to be combined. 

Various anatomical details will apparently prove of value in the much- 

needed generic revision of the family. Some characters of this sort are 

pointed out for the four species of chaetodontines now known from the 

eastern Pacific. 

The lateral-line distinctions are repeated in the Pomacanthinae, and it is 

conceivable that they may be of greater phylogcnetic significance than the 

enlarged head spines recognized as diagnostic of that subfamily. The pri- 

mary divergence in the family may have involved the lateral-line character, 

and each division may have developed one or more enlarged head spines. If 

this view should prevail, the Pomacanthinae would appear to be a poly- 

phyletic group, presumably not worthy of subfamily recognition. We see 

no justification for the elevation of the group to family rank (Pomacan- 

thidae), as proposed by Smith (1955), even though we assume it to be a 

natural assemblage. 

Obviously there has been independent and convergent evolution either 

in the head-spine or lateral-line characters. On available evidence a decision 

as to which character is of more primary significance seems arbitrary. Such 

a situation is often encountered when taxonomic evidence in ichthyology is 

viewed afresh and critically. 
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INTRODUCTION 

This paper was prepared with four principal objectives: to compile a 

bibliography of references to the Islas Revillagigedo, to publish new charts 

of Isla San Benedicto and Isla Socorro which have been made from recent 

aerial photographs, to attempt to standardize spelling and location of geo- 

graphic names, and to include an account of the discovery and exploration of 

the archipelago. Original maps, charts, and references to the nomenclature 

of the islands have been consulted in so far as possible. 

We gratefully acknowledge the help of the late Mr. Joseph R. Slevin, 

California Academy of Sciences, for information used in compiling table 2. 

Dr. Carl Fries, Jr., previously with the U.S. Geological Survey, assisted in the 

selection of the most suitable geographic names; he also translated many of 

these names from English to Spanish. Dr. Meredith F. Burrill, Director of the 

U.S. Board on Geographic Names, recommended names of features on Isla 

Socorro which were obtained from Mexican sources. The U. S. Navy Hydro- 

graphic Office and British Admiralty furnished photocopies of original 

charts, sketch surveys, and publications. We also are indebted to the many 

other persons who have assisted us in the search for bibliographic material, 

furnished information on visits to the Islas Revillagigedo, read preliminary 

copies of the manuscript, and offered suggestions. Mr. Robert C. Winsett 

of the Seripps Institution of Oceanography drafted the charts illustrated 

in this paper. 

CARTOGRAPHY AND NOMENCLATURE 

The early evolution of the names and geographic locations of the four 

Islas Revillagigedo, as shown on charts prior to 1800, has been treated by 

Wagener (1937) and briefly mentioned in another section of this paper and 

will not be discussed further. 

In 1793 Captain James Colnett, R.N., made the first detailed chart of 

Isla San Benedicto (Isle St. Berto)*, Isla Socorro (Socoro), and Roca Par- 

tida (Roka Partida). His “Plan of the Islands of Revillagigedo” was pub- 

lished by the London firm of A. Arrowsmith in January, 1798, and a copy 

of the chart accompanies Colnett’s book (1798). Captain Sir Edward Belcher, 

C.B., R.N., made sketch maps of Isla Clarion and Bahia Braithwaite on 

Socorro in 1839 (however, 1840, the year after the end of his voyage, is the 

date given on his original chart)?. The sketch maps made by Colnett and 

Belcher were incorporated into British Admiralty Chart no. 1936 (no title) 

which was first published in June, 1849. 

8 Apparently there is no saint of this name (Pablo G. Franco, personal communication). 

* Photographic copies of the original Hydrographic Office and British Admiralty charts and the sketch 

surveys by Belcher and Dewey have been examined by the authors. 
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The best published charts of the islands were the result of surveys made 

by Commander George Dewey, U.S.N., and his officers in 1874. These sketch 

surveys were used in the first edition of the U. S. Navy Hydrographie Office® 

Chart no. 1687, “Islands of the Revilla Gigedo Group and Alijos Rocks” 

(exclusive of Isla Clarion), which was published in January, 1898. A 

separate chart, no. 1688, of only Isla Clarién was published in February, 

1898. About this time the British Admiralty also began to use the U. S. 

Charts in revised editions of Chart no. 1936, “Islands of the North Pacifie 

Ocean.” Of the Islas Revillagigedo only Belcher’s sketch of Bahia Braith- 

waite was retained from the first edition. The H.O. combined all of the 

islands of the archipelago into one chart in June, 1951, when the ninth 

edition of Chart no. 1688, “Islas Revilla Gigedo, Guadalupe and Escollos 

Alijos,” was published. 

The Islas Revillagigedo were visited by the Mexican Transporte de 

Guerra Oaxaca in 1899. Sketch maps, made by Subteniente Arturo Puga 

and Segundo Teniente José Servin y L., appear to have been first published 

by Munoz Lumbier (1919). The sketches are profile views, except for an 

excellent plan of Bahia Sulphur which is complete with soundings. Munoz 

Lumbier’s plate 3, “Isla de Clarion,” from the Oaxaca survey shows Pico 

Tienda de Campana (Tent Peak) to be higher than Monte Gallegos (Mt. 

Gallegos). Monte Gallegos is shown as the higher peak on the H.O. and 

British Admiralty charts. Although Pico Tienda de Campana appears to be 

higher from a ship at sea Wilfred B. Bryan, Jr., (personal communication), 

who has climbed both peaks, reports that it is difficult to judge which is the 

higher on land. 

A number of photographie flights to Isla San Benedicto and Isla Socorro, 

which have resulted in more accurate charts of these two islands (figures 

1 and 2), were made by airplanes of the U.S. Navy between 1952 and 1956 

at the request of the University of California, Scripps Institution of Ocean- 

ography. Figure 1 was drawn from an uncontrolled two-photograph mosaie 

of San Benedicto. The scale was determined by photogrammetric methods 

and is considered to be reliable. Figure 2 of Isla Socorro also was drawn 

from an uncontrolled mosaic, consisting of numerous vertical photographs 

taken on two different flights and adjusted to a common approximate scale, 

supplemented with aerial oblique photographs. No control has been estab- 

lished in the field. Because of the large natural scale of the mosaic, absence 

of rectification of the individual aerial photographs, and altitude of Cerro 

5 Subsequently abbreviated H.O. 
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Evermann, the chart scale and positions of geographic features should be 

considered as only approximate. 
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Figure 1. Map of Isla San Benedicto. 
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Figure 3, a sketch map of Isla Roca Partida, was prepared from H.O. 

Chart no. 1688 modified by a study of photographs taken at sea from the 

R/V Paolina-T in 1953. 

12°04’ O77 W 

18°59’41” N 

150 

FEET 50 

METERS 

Figure 3. Sketch map of Isla Roca Partida. 
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The map of Isla Clarion, figure 4, which is the least well delineated island 

of the group, was drawn from H.O. Chart no. 1688 with changes made from 

photographs taken on land from the sea during the visits of the R/V 

Paolina-T in March, 1953, and the R/V Crest in May, 1955. In May, 1955, 

a number of gyrocompass bearings and radar positions of Isla Clarion were 

made from the R/V Crest by one of the authors (Richards). These new 

data, which should help to place geographic features more accurately, un- 

fortunately have not yet been worked up. 

In table 1 the place names proposed for Isla San Benedicto were neces- 

sitated in order to describe the new volcano and the geology of the island. 

The two pre-existing names also have been included for completeness. 

The new map of Isla Socorro, figure 2, in many ways more nearly re- 

sembles Colnett’s 1793 sketch than it does the H.O. Chart no. 1688. Names 

that Colnett appears to have given to certain geographic features are 

shown for other features on the H.O. chart. Table 2 compares the names 

used by Colnett and the H.O. Caleta Binner was originally called Binmers 

Cove by Colnett in honor of his kinsman “. . . Mr. Binmer, first assistant 

surveyor of the Navy, who had superintended the original construction of 

the sloop (Rattler) ... ,” Colnett (1798, p. xii). The name is correctly 

spelled on the 1798 Arrowsmith chart, but is incorrect on both the original 

and present H.O. and British Admiralty charts. Despite the fact that Col- 

nett’s names have priority, ‘““Binner” and the H.O. names have been retained 

in figure 2 because they have been in use in the literature for over 150 years. 

The location of Bahia Cornwallis in figure 2 has been clarified; the bay was 

unrecognizable on the H.O. chart. 

Colnett’s name, ‘Pinnacle Point” (Punta Pinaculo), is proposed for 

the headland with the prominent offshore stack at the northwest entrance 

to Caleta Grayson (Grayson’s Cove). This name was selected following the 

recommendation by Dr. Raymond M. Gilmore, U.S. Fish and Wildlife 

Service, that Caleta Grayson should be better identified because of the im- 

portance of the cove; it is the only permanent source of flowing fresh water 

in the entire archipelago. Punta Pinaculo and the trees behind the beach 

identify Caleta Grayson from the sea. 

An unnamed bay southeast of Cabo Middleton was visited on the No- 

vember, 1953, Seripps expedition. In order to identify collections made 

in this locality, the name “Bahia Academy” (Academy Bay), was proposed 

by Richards (unpublished manuscript) in recognition of the 1925 California 

Academy of Sciences expedition to the Islas Revillagigedo. 

A suggested translation of Red Hills, which are located on the south- 
east side of Socorro (Hanna, 1926, p. 50), is Lomas Coloradas. Two isolated 

rocky sea stacks are located northeast of Cabo Middleton. The name Rock 
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Islets, which has been used for these stacks (H.O. Chart no. 1688, 1951), is 

translated to Islotes Rocosos in figure 2. 

The following two names used on H.O. Chart no. 1688 of Isla Socorro 

were not found on Mexican charts or references (Meredith F. Burrill, per- 

sonal communication): “Old Man of the Rocks Point” (southwest head- 

land of Caleta Grayson) and “Table Range” (plateau area on east Socorro). 

We recommend that these names be deleted. 

On Isla Clari6n, Bahia Sulphur has not been translated “Bahia Azufre,” 

as shown on certain charts, because the bay was named after the H.M.S. 

Sulphur. On Belcher’s original chart of the Bahia Sulphur area this name 

was applied to the bay west of Farallon de la Bandera. The bight east of 

Farall6n de la Bandera is unnamed. Shag Rock at the east end of Clarion 

was called “Roca del Cuervo” (Crow Rock) by the Escuela Superior de 

Guerra (Vivo, 1949, p. 59). The original name is retained. 

With the exception of the names given above and in table 1, all names 

used in figures 1 to 4 have appeared in one or more of the following refer- 

ences: Atlas Geografico de la Estados Unidos Mexicanos (1946); British 

Admiralty Chart no. 1936 (1952 edition with small corrections to 1954); 

Carta de la Repttblica Mexicana (1949, Comité Coordinator del Levanta- 

miento de la Reptiblica Mexicana, Tacumbaya, D.F..); Colnett (1798); Der- 

rotero de las Costas de la Reptiblica Mexicana (1939); Escuela Superior de 

Guerra (1949); Munoz Lumbier (1919); U.S. Board on Geographic Names 

(1952); and U.S. Navy Hydrographie Office Publication no. 56 (1874, first 

edition—written by Dewey), Chart no. 1688 (1951, 9th edition) and no. 

1687 (1925, 9th edition). 

Table 3 lists distances in nautical miles between the islands and cities 

or geographic features in Baja California, California (U.S.A.) Colima, and 

Jalisco. 

TABLE 1 

Proposed and Existing Nomenclature of Isla San Benedicto 

Name Location and Notes 

Punta Sur Suggested name for the southwest point of the island; it has 

(South Point) been used previously by Toscano (1940, p. 322). Extreme 

southern point of the pre-eruption island, H. O. Chart no. 

1688. 

Monticulo Cineritico Translation of the existing name for the eroded volcanic ash 

(Ash Heap) cone on south San Benedicto which was named in 1925 by 

the California Academy of Sciences (Hanna, 1926, pp. 20, 63). 

The maximum altitude, determined by photogrammetric 

methods, is about 310 meters. (“‘Black Bluff,” shown on H. O. 
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TABLE 1 (Continued) 

Proposed and Existing Nomenclature of Isla San Benedicto 

Name 

Caletilla Volteadura 

(Turnover Bight) 

Volcan Barcena 

(Barcena Volcano) 

Delta Lavico 

(Lava Delta) 

Caletilla Banda 

(Banda Bight) 

Crater Herrera 

(Herrera Crater ) 

Punta Ortolan 

(Point Ortolan) 

Arroyo Fragata 

(Frigate Arroyo) 

Location and Notes 

Chart no. 1688—1951, 9th edition—on the east side of the Ash 

Heap, has been completely buried under Volcan Barcena. 

The “White Bluffs” on the southern end of the pre-eruption 

island no longer exist.) 

Suggested name for the newly created small open bay or 

bight on the southern end of the island between Punta Sur 

and the new lava flow (Delta Lavico). The name is derived 

from an incident in December, 1952; the skiff completely 

overturned when making a landing in this locality. 

Name suggested in 1953 by the late Ing. Teodoro Flores, 

Director of the Instituto de Geologia in the Universidad 

Nacional de México, in honor of the Mexican geologist Mari- 

ano Barcena (1842-1899). Volcan Barcena replaces the pre- 

vious unofficial name of Boquer6n, meaning Big Mouth, 

which was suggested by Howel Williams and proposed by 

Dietz (1953). The maximum altitude, determined by photo- 

grammetric methods, is about 340 meters. 

Suggested name for the new lava flow from Volcan Barcena 

which formed between December, 1952, and March, 1953. 

Suggested name for the newly created small open bay, or 

bight, on the east side of the island between the Delta 

Lavico and Crater Herrera. It is named in honor of Longinos 

Banda who was in charge of the first party to land on the 

island. See Banda (1862). 

Translation of the existing name for the old crater in the 

central part of the island. It was named by the California 

Academy of Sciences in 1925 in honor of Prof. Alphonso 

Herrera (Hanna, 1926, pp. 20, 63). 

Suggested name for the southern promontory of the head- 

land on northeast San Benedicto between Crater Herrera and 

the extreme northeastern cape (Cabo Observor). It is named 

after the U.S.S. Ortolan, the ship which carried the 1925 

California Academy of Sciences expedition to the Islas Re- 

villagigedo. 

Suggested name for the dry main channel of the largest 

drainage system between Crater Herrera and the northern 

peak (Cerro Lopez de Villalobos). In November, 1953, the 

only frigate, or man-of-war bird, rookery on the island was 

located north of the arroyo on the eastern side of the island. 

See Brattstrom and Howell (1956). 
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TABLE | (Continued) 

Proposed and Existing Nomenclature of Isla San Benedicto 

Name 

Cerro L6pez de 

Villalobos 

Punta Observer 

(Observer Point) 

Punta Norte 

(North Point) 

Punta Intrepid 

(Point Intrepid) 

Rocas Trinidad 

(Trinity Rocks) 

Punta Oaxaca 

(Point Oaxaca) 

Roca Challenger 

(Challenger Rock) 

Location and Notes 

Suggested name for the fourth highest topographic feature 

on the island. The volcanic hill is named in honor of Ruy 

Lopez de Villalobos who discovered Isla San Benedicto in 

1542. The maximum altitude, determined by photogram- 

metric methods, is about 225 meters. 

Suggested name for the northeast point. This point is named 

after the U. S. yacht Observer which brought the first party 

to land on the island after the birth of the voleano. The Delta 

Lavico was first observed from the vicinity of this point on 

December 9, 1952, by the scientific party, less than 20 hours 

after the lava had broken through the base of Volcan Bar- 

cena. 

Suggested name for the northwest point. 

Suggested name for the first minor headland on the western 

side of the island south of the north end. The point is located 

west of Cerro Lopez de Villalobos and is named after the 

U.S. tuna clipper M/V Intrepid which visited the island on 

August 12, 1952, and furnished a valuable first report of 

Volcan Barcena after its birth. 

Suggested name for the three stack islets located off the 

west side of the island. 

Suggested name for the only major headland on the western 

side of the island. It is named after the Mexican transport 

Oaxaca which visited the islands in 1899. See Mitchell (1933, 

pp. 124-135). 

Suggested name for the volcanic dome west of Crater Her- 

rera. Except for a northwest facing cliff the dome is now 

buried under Volcan Barcena. The rock is named after the 

U. S. tuna clipper M/V Challenger, the only witness to the 

birth of Volcan Barcena on August 1, 1952. Photographs 

taken from the Challenger show the beginning eruption 

column ascending from behind this cliff or rock. 
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TABLE 3 

Airline Distances in Nautical Miles? 
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Isla Clarion-..:.......... — 526 951 591 153 226 866 368 209 

Isla Roca Partida..... 153 371 956 462 — 73 864 261 60 

Isla San Benedicto 226 296 964 370 73 — 871 220 27 

Isla Socorro............ 209 312 982 378 60 27 890 246 = 

* Distances based on U. S. Navy Hydrographic Office Chart no. 1066 (66th edition, 1945) and unpublished 

charts by one of the writers (Richards). 

DISCOVERY AND EXPLORATION 

Probably the best description of the discovery of the Islas Revillagigedo 

has been compiled by Burney (1803, pp. 167-169, 226-232; 1806, pp. 348— 

350), who states that his references are accounts by Gaetan, Ramusio’s Col- 

lection, (1613); May (Anon., 1621); Galvaom (1731); Herrera (date un- 

known); and Grijalva (date unknown). Isla Socorro was discovered in 

December, 1533, by Hernando de Grijalva, commander of the Spanish ship 

San Lazaro, who named the island Santo Tomas. According to Edward R. 

del Rip (quoted in Hanna, 1926, p. 51), Santo Tomas was named Socorro 

in 1608 by Captain Martin Yanez de Armida in honor of his wife. 

In 1542 Ruy Lopez de Villalobos, in command of a squadron of ships from 

New Spain, discovered two islands which he named Santo Tome and La An- 

nublada. According to Burney (1803, p. 232), “The island first seen by 

Villalobos ...is the same which is marked Sto. Berto, in some of the present 

charts. Villalobos supposed it to be the island which had been discovered 

by Grijalva, and therefore called it Sto. Tome. The second island, however, 

which he named La Annublada, and which has since been named Socorro, 

is evidently the Sto. Tomas of Grijalva.”” The common interpretation by his- 

torians is that Lopez de Villalobos’ Annublada (also spelled Anublada or 

A Nublada, meaning cloudy—nublado) was later called Santo Berto (sic) 

or San Benedicto. Burney’s account appears to be more probable because 

Cerro Evermann on Socorro with an altitude of about 3500 feet above sea 

level is frequently cloud capped; consequently the designation “cloudy” is 

appropriate. Also, according to Galvaom’s statements, which are given by 

Burney (1803, p. 228, see also p. 232), Lopez de Villalobos’ Anublada (Soe- 

orro) apparently was located south of his Santo Tomas (San Benedicto). 
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West of the two islands Lopez de Villalobos discovered a divided rock 

which he called Roea Partida. 

The discovery of Isla Clarién (originally named Santa Rosa by Joseph 

Camacho—date unknown), as well as Roea Partida, previously has been cred- 

ited to Camacho (Mitchell, 1933, p. 119). However, from Burney (1806, pp. 

348-350) it appears that Clarién was discovered in 1615 instead of 1779. Bur- 

ney relates that in December 1615 Admiral Joris Spilbergen saw two islands 

(undoubtedly San Benedicto and Socorro) after sailing west-southwest from 

Cabo Corrientes on the coast of Mexico—28°21’ North latitude. The next day 

a third island was sighted which at first was mistaken for a ship (Roca Par- 

tida). Two days later at 18°20’ North a fourth island which had five hills 

was discovered; each hill appeared to be a separate island. Although Burney 

quoted the account of Spilbergen’s voyage from an early reference,* he did 

not realize the significance of Spilbergen’s fourth island. The sailing time 

to Clarién from Roea Partida (a distance of 153 nautical miles) as well as 

the latitude (18°21’ North) and the five hills could only describe Clarion 

which, from north or south of the Island, appears to be composed of three, 

five, or six peaks depending upon one’s bearing and distance. 

In 1793 Captain James Colnett (1798, pp. 116-117) named the archi- 

pelago “Revilla Gigedo’’® in honor of the viceroy to New Spain, Don Juan 

Vicente de Giiemes Pacheco de Padilla, the second Count Revillagigedo. 

Table 4 lists known visits to the Islas Revillagigedo which resulted in 

new information on the islands. 

8 Page 80 in Miroir, Oost and West Indical, Amsterdam, 1621: a French translation of an account of 

Admiral Spilbergen’s Journal by Jan Cornelisz May, alias Mensch-eter, principal mariner or ship master accord- 

ing to Burney (1806, p. 330). However, Mr. G. A. Cox, Director of the Nederlandsch Historisch Scheepvaart 

Museum in Amsterdam, advises that May could not have written this book and that the author is unknown 

(personal communication). 

* This undoubtedly was the unfortunate start of the double name (‘‘Revilla Gigedo’’) usage for the islands 

by certain authors and cartographers. In 1952 the U. S. Board on Geographic Names (p. 6) adopted ‘“‘Islas de 

Revillagigedo”’ (literally Islands of Revillagigedo) as the official name for United States of America Government 

use. The current geographical practice is generally to delete the ‘‘de’’ in cases such as this. The shortened 

form, ‘‘Islas Revillagigedo,’’ is the name most commonly used by Mexican authors and has been adopted in this 

paper. 
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Revillagigedo up to October, 1957, that could be personally checked, exclusive 

of maps, charts, and newspaper articles. In addition, early European his- 

torical and Mexican references have been included which the authors have 

not seen. All entries we have not examined are marked with an asterisk pre- 

ceeding the author’s name. It is probable that a few isolated records have 

been overlooked; for example, a rare species of plant or animal from the 

islands may have been deseribed in a monographie treatment of a specifie 

oroup. 

In some eases authors have mentioned general aspects of the biota of the 

islands in the introduction of a paper treating a particular phase or group 

of the biota. For example, many authors mention that there are birds on 

the islands. These comments, unless specific or pertinent, are not indexed 

separately in the subject index. Those publications discussing the general 

aspects of the biota of the islands will be found indexed under “General 

Description” or “General Natural History.” 

Some of the biological references cited have no specific Revillagigedo 

record (for example, Meek and Hildebrand, 1923-28), but they are a general 

review of a group in the region of the islands. Also, a few references either 

of general interest or applying to the zoogeography of the eastern Pacific 

are included even though they may not specifically mention the Islas Revil- 

lagigedo. Most of the biological references cited, however, do have Revilla- 

gigedo records. 

We have not felt it necessary to cross-index junior or co-authors in the 

subject index. 
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INTRODUCTION 

Although Pandeleteius Schonherr and Pandeleteanus Champion are prin- 

eipally Mexican and South American, they are abundantly represented in 

the fauna north of the Mexican border. Many of the species considered 

here occur in Mexico as well as the United States and Canada. Pierce 

(1919, p. 22) remarks that ‘No genus or larger group should be studied 

alone from the standpoint of a single geographic region or subdivision.” 

Although this is particularly pertinent to Pandeletewus and Pandeleteinus, 

their study cannot be effectively extended south of the border until extensive 

collections are made in the area. 

In the present paper, three new species are described in the formerly 

monotypic Pandeleteinus, and in Pandeleteius four new species are described 

and four names are synonymized. Lectotypes are designated for Pandele- 

tenus submetallicus (Schaeffer) and Pandeleteius robustus Schaeffer. 

ACKNOWLEDGMENTS 
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following list of collections studied, the letters in parentheses represent the 

abbreviations used in the text when citing material studied; the name of 

the curator responsible for the loan of the specimens follows the abbreviation : 

American Museum of Natural History (AMNH), Patricia Vaurie; California 

Academy of Sciences (CAS), Hugh B. Leech; Canadian National Collee- 

tion (CNC), W. J. Brown; Cornell University (CU), Henry Dietrich; Illi- 

nois Natural History Survey (INHS), H. H. Ross; Museum of Comparative 

Zoology (MCZ), E. A. Chapin; Ohio State University (OSU), J. N. Knull; 

United States National Museum (USNM), Rose Ella Warner; University 

of Arizona (UA), Floyd G. Werner and Charles O’Brien. 

The following individuals graciously loaned material from their per- 

sonal collections: L. J. Bottimer, C. A. Frost, J. M. Kingsolver, and E. L. 

Sleeper. 

Especially, I would like to thank L. L. Buchanan for the gracious loan 

of his extensive notes on Pandeletewus and Rose Ella Warner for help on 

numerous questions. Dr. E. A. Chapin carefully compared specimens with 

the type of Pandeleteius simplarius Fall in the Museum of Comparative Zool- 

ogy collection. Dr. W. H. Anderson was of much assistance in procuring 

literature. 

Most of all, I want to express my appreciation of my husband’s invaluable 

help with every aspect of the preparation of the paper. 

PROCEDURE 

Through the very liberal loan of specimens from the institutions and 

individuals thanked above, the majority of the specimens and type material 

in the United States and Canada were available for study. To avoid con- 

fusion, throughout the paper the abbreviation “P.” is used to refer to Pan- 

deleteius and “Pn.” to Pandeleteinus. 

The length of Pandeleteius specimens was measured from the apex of 

the elytra to the anterior margin of the eyes, or, if the beak was so inclined 

that the eyes were not visible dorsally, the length was measured to the ante- 

riormost dorsal point of the head or beak. The length of Pandeleteinus 

specimens was measured from the anterior margin of the frontal prominence 

instead of from the anterior margin of the eyes. 

Good specific characteristics are found on the scales and setae, but they 

vary from one part of the beetle to another. The most typical and constant 

characters are found on the scales and setae of the dise of the thorax and 

elytra, and these are the ones referred to herein unless others are specified. 

The sculpture of the scales is not distinet until examined under 45 to 

90 X magnification, and even then it is difficult to discern on dirty or greasy 

specimens. In some specimens, normally-white scales are non-metallic green- 

ish-blue, light aqua, or even dark gray-blue. These colors in such specimens 
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should be interpreted as white or near-white. Occasionally a teneral speci- 

men will show faint coppery, iridescent reflections between the scales. This 

is noticed particularly in Pn. magdalenensis, new species, P. cinereus Horn, 

and P. hilaris (Herbst). 

The sclerite that is within the apical emargination of the beak or extends 

forward from the apex of the beak has been left unnamed or vaguely re- 

ferred to as the ‘nasal plate” by former workers in Pandeleteius. The 

author has used the more widely accepted term of “epistoma,” as interpreted 

by Blatchley and Leng (1916, p. 8, fig. 2) and Torre-Bueno (1937, p. 93) : 

“in rhynchophorous beetles, the reduced frontoclypeal region.”” When the 

epistoma is extended over the mandibles beyond the sides of the beak, the 

anterior margin is vulnerable to abrasion and hence is often irregular. This 

should be remembered when examining a specimen with an extended epi- 

stoma. 

Secondary sexual characters are numerous in both genera, but are 

more numerous and more strongly expressed in Pandeleteius than in Pan- 

deleteinus. Sexual characters common to both genera are found in: the 

last abdominal segment, which is completely margined and rounded at 

apex in the female, and truncate or emarginate at apex and with marginal 

line absent at apex in the male; the first abdominal segment, which is longer 

and more convex in the female; the elytra, which are broader, longer and 

thicker in the female; and the contour of the elytral declivity, which is 

more abrupt in the female. 

The aedeagus is figured for all species except the following, of which 

no males were seen: P. longicollis Champion, P. defectus Green, and P. 

plumosiventris, new species. The aedeagus of Pn. submetallicus (Schaeffer) 

is not figured since it is nearly identical to that of Pn. lucidillus, new species, 

which is figured. The genitalia were most readily removed from relaxed 

specimens by lifting the elytra, softening the dorsal surface of the abdomen 

for a minute or two with a drop of alcohol, and then teasing out the organs 

with an insect pin. This procedure was much easier, quicker, and left the 

specimen in better condition than teasing the genitalia through the anal 

opening. 

TAXONOMY 

KEY TO THE GENERA OF PANDELETEINI! 

1. Apical emargination of beak extending across the entire apex of beak. Fore 

NEHSESCATCElYMO NT AT SCC pees net ag osdcc dodn ede cerca a eee eae ee eo aes See ede sce ee Na oan 2 

— Apical emargination of beak not reaching sides of beak. Fore legs scarcely to 

CEA RENEH Bl yee ol ahaa 2c [RHEE wt ee Renee ee ee es ea or a ee ee 3 

1 The genus Hadromeropsis Pierce is not included here. See discussion in Leconte and Horn, 1876, p. 81-82; 

Pierce, 1913, p. 399-401; and comment at the end of this paper. 
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2. Humeral umbone absent. Epistoma flat, its anterior margin truncate to slightly 

emarginate. Apical emargination of beak finely carinate ............ Isodacrys Sharp 

— Humeral umbone prominent. Epistoma concave, its anterior margin deeply 

emarginate. Apical emargination of beak keeled —........... Polydacrys (Schonherr) 

3. Fore legs scarcely enlarged; fore coxae nearly contiguous. Head transversely 

prominent between or behind eyes ...................----------------- Pandeleteinus Champion 

— Fore legs slightly to greatly enlarged; fore coxae distinctly, narrowly to broadly 

separated. Head flat (except Florida species) or rounded behind eyes ................---. 

ea NCO S SOUS. TENN RA AR Seine Aen ee RP ree ie en Pandeleteius Schonherr 

Genus Pandeleteinus Champion 

Pandeleteinus CHAMPION, 1911, pp. 206-207. 

Type Species: Pandeletejus submetallicus Schaeffer, designated by 

Champion (1911, p. 206). 

Discussion: This genus was erected by Champion for Pandeleteius 

(spelled “Pandeletejus” by Horn, Fall, and Schaeffer) swbmetallicus Schaef- 

fer, about which Schaeffer said (1908, p. 216), “This little species looks 

somewhat strange among the other specimens of Pandeletejus, but as it 

has the principal characters of this genus, I prefer to leave it here at present.” 

The three new species of Pandeleteinus herein described help to further 

strengthen and define the genus. The four species of Pandeleteinus [Pn. 

submetallicus (Schaeffer); Pn. lucidillus, new species; Pn. magdalenensis, 

new species; and Pn. elytroplanatus, new species] exhibit the following 

generic characters: 

Size small, the length under 5mm. Head transversely prominent between 

the eyes. Apex of beak flared outward under the scrobes so that the scrobes 

(but usually not the pregenae) are visible dorsally, and the flange is visible 

from below (plate 1, fig. 12). Apical emargination of beak broad, never 

PLATE 1 

Figs. 1, 2, 4 to 6. Lateral view of head and thorax of Pandeleteius and Pandele- 

teinus. Fig. 1. P. henryi, new species, female. Fig. 2. P. plumosiventris, new species, 

holotype. Fig. 4. P. robustus Schaeffer, lectotype. Fig. 5. P. defectus Green from 

Geysers, California. Fig. 6. Pn. submetallicus (Schaeffer), female from Westgard 

Pass Plateau, California. 

Fig. 3. Head of P. plumosiventris, new species, holotype. 

Fig. 7. Fore tibia of Pandeleteinus elytroplanatus, new species, holotype. 

Fig. 8. Lateral view of elytra and body beneath of Pn. magdalenensis, new 

species, allotype. 

Figs. 9, 10. Ventral view of body beneath elytra of Pandeleteinus. Fig. 9. Pn. 

lucidillus, new species, allotype. Fig. 10. Pn. magdalenensis, new species, female. 

Fig. 11. Lateral view of Pn. elytroplanatus, new species, female. 

Fig.12. Ventral view of mouthparts of Pn. submetallicus (Schaeffer). 
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marked by a strong carina. Apical vertical margins at the sides of the beak 

deeply triangularly emarginate (plate 1, fig. 6). Serobes angular, deep, 

reaching undersurface of beak, distant from eyes. Eyes convex, prominent. 

Ocular vibrissae well developed. Thorax searcely produced over head. Elytral 
striae of deep, small to moderate punctures. Fore coxae nearly contiguous; 
fore tibiae with two to seven small or minute, widely-spaced teeth on inner 

edge, often with a bristle at the base of each tooth (plate 1, fig. 7). Fore legs 

not enlarged. Legs covered with scales like the scales of the dorsal surface. 

Secondary sexual characters not well expressed; last abdominal segment 
similar in both sexes. Aedeagus long, slender, gently curved (plate 2, fig. 2). 

Champion describes as a generic character, “mentum small, not covering 
the maxillae.” While this is true of Pn. submetallicus (plate 1, fig. 12), Pn. 
lucidillus, and Pn. magdalenensis, the character is variable and is of specific 
rather than generic value. The lower part of the maxillae (cardo, stipes, 
ete.) is usually visible in Pandeleteius between the submentum and sides 
of the beak. The width of the mentum in Pandeleteius is sufficiently vari- 

able intraspecifically to expose or conceal a considerable area of the maxillae. 
In Pandeleteinus elytroplanatus, the mentum is broad apically and trans- 
lucent on the sides, concealing a larger area of the maxillae than is often 
concealed in Pandeleteius. 

Among the species of Pandeleteius, P. cinereus and P. subtropicus bear 

the closest superficial resemblance to Pandeleteinus, but are distinct from 

Pandeleteinus because the coxae are more widely separated, scrobes are 

closer to the eye, fore legs are enlarged, and aedeagus is stouter and nearly 

straight. 

The following secondary generic characters are often found in Pandel- 

eteinus. In the three new species of Pandeleteinus, a small anterior area on 

PLATE 2 

Fig. 1. Fore tibia of Pandeleteius dentipes Pierce, paratype. 

Fig. 2. Lateral view of aedeagus of Pandeleteinus lucidillus, new species, holo- 

type. 

Fig. 3. Fore tibia of P. defectus Green, female from Manitou, Colorado. 

Figs. 4 to 8, 10, 11, 13, 14, 16. Lateral view of aedeagus and dorsal view of apex 

of aedeagus of species of Pandeleteius. Fig. 4. P. subtropicus Fall from Marathon, 

Florida. Fig. 5. P. robustus Schaeffer from Portal, Arizona. Fig. 6. P. cinereus 

Horn from Kerrville, Texas. Fig. 7. P. hilaris (Herbst) from Raleigh, North Caro- 

lina. Fig. 8. P. henryi, new species, holotype. Fig. 10. P. dentipes Pierce, paratype. 

Fig. 11. P. simplarius Fall, topotype from Cloudcroft, New Mexico. Fig. 13. P. 

attenuatus, new species, holotype. Fig. 14. P. buchanani, new species, holotype. 

Fig. 16. P. rotundicollis Fall from Portal, Arizona. 

Figs. 9, 12,15. Dorsal view of apex of aedeagus of species of Pandeleteinus. Fig. 

9. Pn. lucidillus, new species, holotype. Fig. 12. Pn. magdalenensis. new species, 

holotype. Fig. 15. Pn. elytroplanatus, new species, holotype. 
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the mesosternum often bears close plumose scales instead of the usual seales. 

The setae along the apical emargination of the beak are more erect than in 

Pandeleteius. The antennae are seven-segmented. The distance of the scrobes 

from the eyes is too variable for accurate measurements to be of any value, 

but the distance is always great. The thorax is often quadrate or broader 

apically, never with sides strongly rounded. Thorax nearly flat in lateral 

profile; thoracic constrictions obsolete dorsally, moderate to weak laterally. 

The sides of the elytra are subparallel, never cuneiform or conspicuously 

broader than humeri. 

The slender, arcuate aedeagus (plate 2, fig. 2) is quite different from 

the stouter, nearly straight aedeagus of Pandeleteius (plate 2, figs. 4 to 8, 

10, 11, 15, 14 and 16). The apices of the genitalia vary interspecifically but 

less than in Pandeleteius, and the differences are too vague to be readily 

used taxonomically. 

Wickham (1917, p. 470) described Pandeleteinus nudus from a fossil. 

The description and drawing of this weevil are not sufficiently detailed to be 

of value here. 

KEY TO THE SPECIES OF PANDELETEINUS 

or AMERICA NortTH OF MEXICO 

1. Thorax as broad or broader than long. Color metallic green, gold, or blue, or 

immaculate or nearly immaculate tan. Head large, nearly spherical (plate 1, 

fig. 6) Southwestern United States... Pn. submetallicus (Schaeffer) 

— Thorax distinctly longer than broad. Color brown or black and usually with a 

distinct pattern. Head transversely prominent between eyes, subcylindrical 

behind, yes! 2. ee et ee ee 2 

2. Elytra of both sexes two and a half to three times as long as thorax. Dorsal 

surface of elytra in lateral profile flat, elytra of about equal thickness behind 

humeri (plate 1, fig. 11). Setae of dorsal surface decumbent, minute, and incon- 

spicuous. Elytra without oblique fasciae. Western Texas, New Mexico, south- 

eastern Anti 7ZOM ag ee eee ee ee Pn. elytroplanatus, new species 

— Elytra of female slightly more than twice as long as thorax; elytra of male less 

than twice as long as thorax. Dorsal surface of elytra in lateral profile arcuate, 

elytra much thicker apically than behind humeri (plate 1, fig. 8). Setae of dorsal 

surface recurved and of moderate size. Elytra with oblique fasciae which are 

not alway ssprominent 22... 22) 6. ee stithee lice Oe ee eee 3 

Mature color maculate brown. Margins of elytra gently sinuous, constricted at 

base of third abdominal segment (plate 1, fig. 10). Middle coxae separated by 

same distance as fore coxae. Lower California......Pn. magdalenensis, new species 

ow 

— Mature color maculate piceous. Margins of elytra nearly straight, only slightly 

indented at base of third abdominal segment (plate 1, fig. 9). Middle coxae 

slightly more widely separated than fore coxae. Southern Arizona...................-.... 

Beles oe een eg ea 3 TC ee ee ee oe eee Pn. lucidillus, new species 



VoL. XXIX] HOWDEN: PANDELETEIUS AND PANDELETEINUS 369 

Pandeleteinus submetallicus (Schaeffer). 

(Plate 1, figs. 6, 12.) 

Pandeletejus submetallicus SCHAEFFER, 1908, p. 216. Lectotype female here designated. 

Pandeleteinus submetallicus (SCHAEFFER). Champion, 1911, p. 207. 

There is a series of six females in the United States National Museum 

collection bearing the labels “Cotype No. 42476.” All were collected in 

Beaver County, Utah (the only data recorded by Schaeffer); three are 

labelled June 20, and three are labelled South Creek, June 22. The speci- 

men selected as lectotype is labelled June 20, is in near perfect condition and 

closely resembles Schaeffer’s description. 

LectotyPeE: Female, length 3.7 mm., width 1.5 mm. 

Color light ferrugineous, covered with metallic green and golden scales. 

Seales lightly granular; contiguous, but not covering the seta-bearing punc- 

tures. Setae of dorsal surface decumbent, minute, and very inconspicuous. 

Head large, subspherical (plate 1, fig. 6). Beak short, sides only slightly 

flared outward under serobes; genae visible from above, pregenae narrowly 

visible from above. Fine impressed median line extending from behind ante- 

rior margin of eyes to middle of beak. Beak transversely elevated between 

serobes. Apex of beak deeply, arcuately emarginate. Epistoma narrow, shiny, 

fuscous, its apical margin asymmetrically indented. Epistoma continuous 

with beak, i.e., on the same plane and not separated from it by a carina. 

Serobes (plate 1, fig. 6) horizontal for a short distance, thence narrower 

and abruptly diagonal nearly to undersurface of beak; broadest at angle; 

distant from eyes. Eyes small and round. Antennal club slender and 

pointed. 

Thorax slightly broader than long, broader at apex and middle than at 

base. Basal constriction narrow, moderate; apical constriction moderate 

laterally, obsolete dorsally. Base of thorax with small, deep, setate pune- 

tures becoming much shallower toward apical constriction. 

Humeri prominent; elytra broader at middle. Elytra slightly convex 

in lateral aspect, declivity gently arcuate. Strial punctures moderate, deep, 

each with a very small seta. Intervals flat, with a row of minute seta-bearing 

punctures. 

The inner edge of each fore tibia with four or five very small teeth ob- 

secured by seales, each tooth bearing an oblique fuscous bristle at its base. 

Fore and middle coxae very narrowly separated. Posterior margin of 
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first abdominal segment arcuately emarginate medially. First abdominal 

segment medially distinctly shorter than the second. Last abdominal seg- 

ment longitudinally convex medially, flattened laterally, rounded apically. 

Side margins of elytra rather abruptly constricted at third abdominal seg- 

ment, thence parallel until broadly rounded at apex. 

Other specimens of Pn. submetallicus from Beaver and Iron counties, 

Utah, and the remaining five cotypes are fairly uniform but show the fol- 

lowing variations. 

The color varies from bright metallic green to yellow green, cupreous 

tan, and non-metallic beige, the latter color sometimes lghtly mottled on 

elytra. Undersurface metallic green; when upper surface is non-metallic, 

undersurface has at least a cupreous tint to some seales if not entirely me- 

tallic green. Seales often with a vague central pustule. Seales of the elytra 

indistinetly imbricated posteriorly, on the thorax imbricated apically. Seulp- 

ture and imbrication of the scales more evident in non-metallic specimens. 

Beak with a small elongate fovea between the anterior margin of eyes, 

fovea often attenuated into a median line which extends to middle of beak 

in its maximum expression. Emargination of apex of beak shallow, cres- 

centic to obtusely triangular. Epistoma with apical margin slightly areu- 

ately or triangularly emarginate. 

Thorax as broad as long (usually in males only) to much broader than 

long. Thorax usually broadest at apex, although in some females it is as 

broad at middle as at apex giving a square outline to thorax instead of the 

usual cup-shape. 

Elytra with sides subparallel; in lateral view, only very shghtly convex 

before declivity in males, more convex in females. Declivity gently arcuate 

to oblique. Strial punctures sometimes obscured by scales. Alternate inter- 

vals sometimes slightly wider in females. 

Inner edge of each fore tibia with four to seven obsolete teeth, usually 

obscured by scales; a prominent fuscous bristle at the base of each tooth, 

these bristles often abraded or broken. 

Secondary sexual characters poorly defined. Posterior margin of first 

abdominal segment broadly and deeply emarginate in females, less deeply 

emarginate in males. Last dorsal abdominal segment acutely arcuately 

emarginate apically in males and conical and with long hairs in females. 

This segment is not often visible, however. Last ventral abdominal segment 

usually slightly truneate and deflected at apex in males, slightly longer in 

females and with the apical margin continuous and not deflected. 

Aedeagus much like that of Pn. lucidillus with apical opening short, 

rather rounded. 

Utah specimens range in size from 3.4 to 4.4 mm. long, and from 1.3 to 

1.8 mm. wide. 
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Pandeleteinus submetallicus is also found in Nevada, California, Arizona, 

New Mexico, Texas, and Colorado, and specimens from these places usually 

vary somewhat from the typical Pn. submetallicus. 

Colorado specimens are much like the Utah specimens. Both sexes have 

an overall robustness and central tumescence on the last ventral abdominal 

segment. Median line on beak frequently impressed. Elytra often quite con- 

vex from base, especially in females. Non-metallic females not uncommon. 

Large series from Glenwood Springs and Paonia, Colorado, range in size 

from 3.2 to 4.5 mm. long and 1.3 to 1.7 mm. wide. 

Southern Arizona specimens present the most extreme variation from 

typical Utah specimens. Small. Always metallic, light yellow to dark green. 

Seales not imbricated on elytra; scales irregular, usually angular shapes. 

Beak with frontal fovea rarely attenuated into median line. Males: Thorax 

more slender; elytra narrower, flatter and more parallel; elytral intervals 

narrow (sometimes only the width of a scale), more convex; punctures large, 

deep, and glabrous. Females: Differ from males in being slightly more ro- 

bust, and having elytral intervals flatter and punctures somewhat shallower. 

These extremes are found in the Chiricahua, Huachuea, Santa Catalina, and 

Santa Rita mountains. Size ranges in leneth from 2.7 to 3.9 mm., and in 

width from 1.1 to 1.5 mm. 

Other Arizona specimens (Grand Canyon, Bright Angel, and “Walnut, 

Arizona Territory”) are intermediate between typical Utah and southern 

Arizona specimens. 

Texas specimens are much like southern Arizona specimens. Metallic 

yellow green to blue green. Elytral punctures usually smaller and intervals 

less convex than in Arizona specimens. Recorded from Alpine and Davis 

mountains. 

Santa Fe, New Mexico, specimens are smaller than, but have the more 

robust form of, Colorado specimens. They have the color of Texas speci- 

mens, elytra and beak of Colorado specimens. Size varies in leneth from 

3.9 to 3.9 mm., and in width from 1.4 to 1.6 mm. 

Nevada and California specimens are similar to Utah specimens; they 

lack the tumescence of the last abdominal segment found in many Colorado 

specimens. Some non-metallic males and females with non-metallic under- 

surface. Thorax often quite square in outline, 1.e., apex not broader than 

middle. Specimens from Austin, Nevada, and many locations in central 

California to as far south as Los Angeles. Size varies in leneth from 3.4 to 

4.8 mm., and in width from 1.3 to 1.9 mm. 

Although Pandeleteinus submetallicus now has three congeners, it still 

“looks somewhat strange among the other specimens .. .” (Schaeffer, 1908, 

p. 216). Its metallic green, gold, or blue color is unique in the Pandeleteini, 

and its non-metallic, sometimes vaguely maculate, tan specimens are equally 
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as striking. Structurally it is distinet by its nearly spherical head, its shiny 

narrow epistoma, apically short serobe, thorax as broad or broader than long, 

and decumbent minute setae of dorsal surface. 

Pandeletienus submetallicus has been collected from April through 

August. Juniper is the most common host, but it has also been less frequently 

taken on pepper grass, manzanita, and at light. Over 380 specimens were 

examined. 

Pandeleteinus lucidillus Howden, new species. 

(Plate 1, fig. 9, plate 2, figs. 2, 9.) 

HouotyrPe: Male, length 2.8 mm., width 1.2 mm. 

Color black; legs except tarsal claws, scape and first segment of antennae 

ferrugineus; densely clothed with piceous, white, and a few tan seales. Apex 

of beak white, frons brown, vertex piceous with seattered white scales; 

sutural interval light, common oblique white fascia over declivity; epipleurae 

mottled white and tan. Undersurface including sides of beak and thorax 

immaculate white. Coxae and as much of femora as is covered by body 

when legs are extended, white, remainder of legs mottled. 

Seales faintly granular, contiguous, or with one or more sides over- 

lapped, shapes irregular. Seales of head and beak irregularly imbricated, 

often convex. Seales of thorax imbriecated anteriorly. Seales of elytra with 

a dull central pustule, imbricated posteriorly. 

Setae small, recurved, rather stout, shiny, very inconspicuous except in 

profile. Light reflecting from the summits of the setae gives the appearance 

of tiny shiny spots under low magnification. 

Beak deflected at approximately a 45° angle from the head. Frons 

prominent, convex between the eyes, beak becoming flattened apically. Sides 

of beak subparallel to insertion of antennae thence bulging below scrobes. 

Median line on beak deeply impressed from between eyes to middle. Apical 

emargination of beak deep, round, occupying approximately median third. 

Epistoma rugulose, anterior margin shallowly emarginate, with median 

indentation. Scrobes deep, angles rounded, separated from eyes by about 

one-half the length of eye. Eyes subelliptical, nearly evenly convex. An- 

tennal scape does not quite reach middle of eye; first segment of funicle 

elavate and about one-third longer than the second segment, outer joints 

subeonical; club pointed oval. 

Thorax much longer than broad, sides slightly divergent from base to 

apex, but slightly broader medially. Thorax with moderate punctures be- 

coming obsolete on apex, the punctures obscured by vestiture. 

Elytra across humeri approximately 1.4 times the width of apex of 

thorax. Elytra twice as long as thorax, humeri square. Sides of elytra sub- 
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parallel, slightly broader at middle, thence gently rounded to apex. Fourth 

and sixth intervals coalescing and prominent just below apex of declivity. 

Elytra feebly convex transversely and longitudinally. Deelivity at apical 

sixth, moderate, oblique. Elytral striae of foveate punctures separated by 

a little more than their own diameter; the elytral intervals scarcely wider 

than the diameter of the punctures and with a row of sparsely set setae. 

Fore tibiae shaped like those of Pn. submetallicus, inner edge of each 

with two small teeth, one minute tooth and three or four long bristles among 

the suberect hairs which obscure the teeth. 

Fore coxae extremely narrowly separated, middle coxae slightly more 

widely separated. Posterior margin of first abdominal segment broadly, 

shallowly, arcuately emarginate and deflected. Third, fourth, and last ab- 

dominal segments transversely convex, the latter deflected and slightly trun- 

cate apically. Ventrally, the margins of elytra nearly straight, scarcely 

constricted at base of third abdominal segment (plate 1, fig. 9). Entire 

abdomen and metasternum sparsely set with very small, inconspicuous pale 

recurved setae which arise from pin-point punctures between the scales. 

Aedeagus (plate 2, fig. 2, 9) broadly rounded at apex. 

ALLOTYPE: Female, length 3.4 mm., width 1.4 mm. 

More robust than holotype. Color pattern better defined than in holo- 

type. Beak white; frons and vertex light brown with dark brown median 

line; white patch on occiput either side of midline. Thorax with a broad 

white vitta on either side of dark median line. White seutellar vitta well 

defined along first, second, and third intervals at base, gradually diffusing 

to piceous oblique fascia which borders anteriorly the common white oblique 

fascia at declivity; the latter fascia extended anteriorly along third and fifth 

intervals. Epipleurae and undersurface as in holotype. Seales and setae 

as in holotype. 

Beak as in holotype, but median impressed line ends anteriorly in a 

transverse pit; anterior margin of epistoma truneate with median indenta- 

tion. Antennal club slightly broader and shorter than in type. 

Thorax with sides straighter than in type. Elytra 2.2 times length of 

thorax. Elytra with sides as nearly parallel as in holotype, but more convex 

posteriorly in longitudinal axis; declivity more nearly vertical. Elytral 

intervals about one-half wider than in holotype. 

Legs as in holotype; coxae as narrowly separated. Posterior margin of 

first abdominal segment similar to that of holotype. Last abdominal segment 

not as strongly deflected at apex; margin at middle of sides slightly flat- 

tened; scales not quite reaching margin where they are replaced by a row 
of two- and three-branched setae. Margins of elytra when viewed ventrally 
(plate 1, fig. 9) similar to those of holotype. 
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Holotype, male, Syeamore Canyon, N. of Baboquivari Canyon, W. side 

of Baboquivari Mts., Pima County, Arizona, July 27, 1952, H. B. Leech & 

J. W. Green (CAS). Allotype, female, same data as male (CAS). Para- 

types: 18 males, 26 females as follows: ARIZONA: 1 female, same data 

as type; 1 male, 1 female, Pima County, July 12, 1915, E. L. Sleeper Collee- 

tion; 3 females, Comobabi Mts., August 9-10, 16, 32° 2’N, 111° 45’W, about 

3425 ft.; 1 male, 1 female, Black Dike Prospect, Sierritas, July 26-29, 1916; 

5 males, 6 females, Baboquivari Canyon, W. side of Baboquivari Mts., Pima 

County, July 25-27, 1952, H. B. Leech & J. W. Green; 1 male, 2 females, 

Baboquivari Mts., F. H. Snow, in R. Hopping Collection; 1 male, Brown’s 

Canyon, Baboquivari Mts., at light, August 17, 1955, G. D. Butler & F. G. 

Werner; 1 male, Brown’s Canyon, Baboquivari Mts., June 27, 1957, Mesquite; 

1 male, Santa Rita Mts., April 5, Hubbard & Schwarz; 1 female, Santa Rita 

Mts., August 14, 1940, Van Dyke Collection; 2 females, Tucson, May 18, 

1953, A. & H. Dietrich; 1 female, Pima Canyon, Santa Catalina Mts., August 

25, 1913, W. D. Pierce; 2 females, Sabino Canyon, Santa Catalina Mts., 

Pima County, June 15, 1957, Mesquite; 2 females, Escuela, June 10, 1942, 

A. W. Ford, in E. L. Sleeper Collection; 1 male, 2 females, Dry Canyon, 

Sands Ranch, S. E. end Whetstone Mts., Cochise County, August 10, 1952, 

H. B. Leech & J. W. Green; 1 female, Rincon Mts., September 15, 1937, R. 

Flock; 4 males, Huachuca Mts., altitude 5000, June 14, 1928, A. A. Nichol, 

in R. Hopping Collection; 1 male, 1 female, Tombstone, June 26, 1940, R. A. 

Flock; 1 male, 1 female, 14 mi. E. Oracle, July 27, 1924, E. P. Van Duzee. 

Paratypes are in the following collections: AMNH, CAS, CNC, CU, 

MCZ, USNM, UA, Bottimer, Howden, Sleeper. 

Male paratypes vary in leneth from 2.8 to 3.2 mm., and in width from 

1.0 to 1.2 mm. Female paratypes vary in length from 3.0 to 3.8 mm., and 

in width from 1.2 to 1.4 mm. Variation in the type series is moderate. The 

color is always piceous in mature specimens and the distinetive color pattern 

is constant although obscured to various degrees by scattered white scales. 

The beak bears some variable characters. The median impressed line may 

be reduced to an elongate pit between the eyes. The apex of the median 

line often ends in a short transverse pit and the area around it is often shal- 

lowly depressed; the presence of the transverse pit rather than a simple 

fovea is not correlated with the length of the median line. The apex of the 

beak is deeply punctate in a few specimens. The width of the dorsal surface 

of the beak is slightly variable; the pregenae are narrowly visible dorsally 

in one female. The emargination at the apex of the beak is variable in shape; 

in several specimens it is bluntly triangular and in at least one male the 

emargination is conspicuously narrower. The emargination of the epistoma 

is similar to that of the type in the majority of specimens, but in two females 

is very deeply triangular. The antennal club is usually pointed oval as in 
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the holotype; the shorter, stouter club noted in the allotype is not correlated 

with sex. The thorax is quite uniform. 

The elytra vary in several respects. The declivity is oblique in most 

males and vertical or nearly so in most females, although there is too much 

overlap in this character to accurately sex specimens. Large deep elytral 

punctures and narrower intervals are usually indicative of males, as smaller, 

shallower punctures and wider intervals usually indieate females, but, as 

in the contour of the declivity, the characters are not reliable enough for sex 

determination. 

The fore tibiae each bear two to five teeth; in one specimen a middle 

tooth bears two smaller accessory teeth. The branched setae noted on the 

last abdominal segment of the allotype were present in some males as well 

as in some females. 

This species was sometimes misidentified in collections as P. cinereus 

from which it is immediately distinguishable by its closer coxae and parallel- 

sided elytra. From other species of Pandeleteinus it is distinguished by 

having the setae recurved, color piceous with broad white median vitta on the 

thorax, and elytra roughly twice as long as thorax. From Pn. magdalenensis 

it is distinguished by having the fore coxae more narrowly separated, the de- 

clivity not produced at the summit, and the elytral margins straighter and 

not constricted at the base of the third abdominal segment. 

There is one specimen of Pandeleteinus in the California Academy col- 

lection from 25 miles south of Santa Rosalia, Lower California, which is 

approximately in the center of the East Coast. This specimen is a female 

3.5 mm. long and 1.4 mm. wide and is quite close to Pn. lucidillus. It 1s not 

included in the type series, however, because of its much broader thorax and 

distant locality. The distance between the localities may be insignificant, 

though. Van Dyke (1942, p. 97-98) found that in Buprestidae, species oc- 

eurring along the dry eastern part of Lower California (such as the specimen 

in question) belonged to the Sonoran fauna and thereby often had counter- 

parts in southwestern Arizona (the type locality of Pn. lucidillus). 

Pandeleteinus magdalenensis Howden, new species. 

(Plate 1, figs. 8, 10, plate 2, fig. 12.) 

Houoryre: Male, length 2.7 mm., width 1.2 mm. 

Color light ferrugineus, covered with white, medium brown and a few 

beige scales. Head and beak mottled, sides of beak and around eyes white; 

prothorax with an indistinct, broad, white median vitta, the rest of the dise 

immaculate medium brown to middle of sides where it meets the white of 

the undersurface. Elytra indistinetly marked, with white oblique fascia 
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above declivity. Undersurface immaculate white with basal half of femora 

white, remainder of legs mottled. 

Seales of head and beak contiguous or nearly so, completely margined, 

imbricated posteriorly along median line, slightly granular, some with an 

indistinet central pustule. Seales of thorax mostly not quite contiguous, 

otherwise as on head. Seales of elytra mostly imbricated posteriorly. 

Setae of dorsal surface short, recurved, broad, narrowed apically; in- 

conspicuous except in lateral profile; setae of thorax smaller and less con- 

spicuous than those of head. 

Beak with dorsal surface flat in lateral profile; sides parallel from eyes 

to serobes, flared outward under scrobes. Median impressed line begin- 

ning in slight depression at middle of beak, shallow and ending just beyond 

anterior margin of eyes. Apical emargination of beak moderately round; 

anterior margin of epistoma truncate with median indentation. Eyes 

rounded in outline, unevenly convex, more strongly convex ventrally. Serobes 

with apical horizontal portion short, broad; more abruptly bent than in Pn. 

lucidillus. 

Thorax 0.85 times as wide as long, base as wide as apex, sides slightly 

arcuate between basal and apical constrictions which are weak but distinet 

dorsally and laterally. Thorax with small punctures which become obsolete 

on apex. 

Elytra across humeri approximately 1.5 times width of apex of thorax. 

Elytra twice as long as thorax, humeri square. Sides of elytra subparallel, 

slightly broader at middle, thence diagonal to apex. Elytra in lateral pro- 

file flattened to declivity which is at apical fourth; declivity nearly vertical, 

obsoletely produced at summit, profile slightly concave. Elytral striae with 

medium sized, deep punctures separated by a little more than their own 

diameter. Elytral intervals slightly convex, more than twice the width 

of the punctures and with a row of sparsely set setae. Fourth and sixth 

intervals coalescing and prominent below summit of declivity as in Pn. 

lucidillus, but not as noticeable in dorsal profile owing to more abrupt de- 

clivity. 

Fore legs more robust than in Pn. lucidillus; inner edge of each fore tibia 

with four small sharp teeth obscured by slender pale hairs. Outer surfaces 

of legs with recurved setae; setae of inner surfaces straighter, finer. 

Fore coxae narrowly but distinetly separated; middle coxae separated by 

same distance. Posterior margin of first abdominal segment broadly, shal- 

lowly, arcuately emarginate and deflected medially. Third and fourth 

abdominal segments transversely convex. Last abdominal segment convex 

and deflected apically. Margins of elytra gently sinuous, strongly constricted 

at base of third abdominal segment, thence horizontal, subparallel to last 

abdominal segment. (Female, plate 1, fig. 10). 
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Apex of aedeagus (plate 2, fig. 12) broadly rounded. Aedeagus quite 

soft, possibly injured medially in extraction. 

ALLOTYPE: Female, length 3.2 mm., width 1.4 mm. 

Head and frons to anterior margin of eyes medium brown with an indis- 

tinct median spot on vertex. Beak white along median line; scales of apical 

half with a feeble red or green iridescence; sides and a ring around eyes aqua 

(see remarks in Procedures on this color). Prothorax with a broad white 

median vitta interrupted along median line, otherwise as in type. Elytral 

markings more sharply defined than in holotype but still with some mottling; 

humeri white, white vittae of pronotum extending to basal fourth of elytra, 

oblique white fascia above declivity distinct, its anterior margin irregular. 

Undersurface with pale bluish-green scales instead of white ones, last three 

abdominal segments light brown. Seales as in type except along elytral 

suture and on declivity where they are quadrate and distinctly pustulate. 

Median impressed line of beak ending apically in slightly transverse 

depression. Anterior emargination of beak more obtusely triangular than 

in type. Anterior margin of epistoma truncate with asymmetrical indenta- 

tion. Eves nearly evenly convex; scrobes as in holotype. 

Thorax 0.92 times as wide as long, slightly wider at apex than at base, 

dorsal surface flatter than in holotype. Base of elytra arcuately emarginate. 

Elytra broader at middle and more convex (plate 1, fig. 8) than in holo- 

type. Elytral intervals slightly wider than in holotype. Left fore tibia 

with three teeth, right tibia with four teeth. Fore coxae separated by same 

distance as middle coxae. Abdomen (plate 1, fig. 8), especially second seg- 

ment, more tumid than in holotype. Last abdominal segment flatter than in 

holotype, margins flat, not deflected. Margins of elytra (plate 1, fig. 10) as 

in holotype. 

Holotype, male, San Domingo, L. Cal., July 19, 1938, Ross and Michel- 

bacher Collectors (CAS). Allotype, female, same data as holotype (CAS). 

Paratypes: 5 females. 4 females same data as type. 1 female, 15 mi. N. El 

Refugio, L. Cal., July 4, 1938, Ross and Michelbacher Collectors. 

Paratypes are in the collowing collections: CAS, USNM, Howden. 

The five paratypes are all females and are quite uniform except for the 

beak, their few variations falling within the range of the holotype and allo- 

type. Size ranges from 3.0 to 3.3 mm. in length and from 1.3 to 1.4 mm. in 

width. Seales of the thorax are mostly contiguous. The median impressed 

line of the beak is always very fine and is obsolescent in the El Refugio 

specimen. None of the specimens have the dark stout setae at the bases of 

the tibial teeth which are frequently present in other species of Pandeleteinus. 

Pandeleteinus magdalenensis is closely related to Pn. lucidillus and differs 

from it by its brown rather than piceous color, broader separation of fore 
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and middle coxae, more robust form, by having the declivity obsoletely pro- 

duced at the summit and slightly coneave in profile, and by having the 

margins of the elytra strongly constricted at the base of the third abdominal 

segment. 

Pandeleteinus magdalenensis occurs in southern Baja California while 

Pn. lucidillus occurs in southeastern Arizona. The country between the two 

regions, however, has been poorly collected, and the range of each species 

may be much greater than the specimens at hand indicate. 

This species is named Pn. magdalenensis after the Magdalena Plain in 

Lower California on which are situated the localities of San Domingo and 

El Refugio (see Michelbacher and Ross 1942, p. 10). 

Pandeleteinus elytroplanatus Howden, new species. 

(Plate 1, figs. 7, 11, plate 2, fig. 15.) 

Houotyre: Male, length 3.2 mm., width 1.2 mm. 

Color fuscous; legs, antennae, apex of abdomen, and apex of beak fer- 

rugineus; clothed with light brown, fuscous and off-white scales. No distinct 

color pattern. Head and beak mostly light brown, sides of head and ring 

around eyes white. Thorax mostly light brown, indistinctly darker medially, 

whitish vitta along middle of sides. Elytra mostly fuscous, with base and 

suture light brown, some whitish scales scattered over all, especially on the 

sides. Entire undersurface immaculate whitish, with legs from coxae to 

middle of femora whitish, thence light brown. <A few bluish gray seales 

scattered among the white ones. 

Seales of dorsal surface small, not margined, often rounded in shape, 

mostly contiguous, granular and usually with a central pustule. Seales at 

apex of beak convex, mostly smooth and shiny, opalescent. Some of the 

scales, particularly the white scales along sides of thorax and elytra, very 

finely margined. Seales of undersurface smooth to granular; scales of third 

and fourth abdominal segments ovate, loosely imbricated. Setae of dorsal 

surface minute, decumbent, extremely inconspicuous. 

Dorsal surface of beak slightly narrowed anteriorly, vaguely sinuate 

in lateral profile (plate 1, fig. 11) and thinner dorso-ventrally than in 

other species of Pandeleteinus. Transverse frontal prominence less pro- 

nounced than in Pn. magdalenensis and Pn. lucidillus and centered over 

posterior half of eyes instead of middle of eyes, which contributes to the 

characteristically longer, slightly sinuate habitus of the beak. Beak with 

median impressed line absent, but with a slight fovea between anterior 

margin of eyes and a slight coneavity medially. Apical emargination of 

beak obtusely triangular and occupying roughly two-thirds of apical margin. 

Epistoma shiny, slightly rugulose, anterior margin obtusely triangularly 
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emarginate. Mandibular sears conspicuous. Setae of beak and frons re- 

eurved and slightly larger and more evident than the setae of the rest of 

the body. Scrobes deep, wide, arcuate. Eyes hemispherical, larger and more 

prominent than in other species of Pandeleteinus. Antennal club lanceolate, 

somewhat flattened. 

Thorax distinctly longer than broad, scarcely produced apically, apex 

as wide as base. Sides gently rounded between constrictions which are at 

basal and apical fourths and slightly visible in lateral profile. Thoracic 

punctures very small and inconspicuous, each having a minute seta. 

Elytra across humeri approximately 1.5 times width of thorax at apex. 

Elytra 2.5 times as long as thorax; humeri square. Sides of elytra nearly 

parallel to just before middle thence gently convergent to declivity which 

is at apical sixth. Elytra in lateral profile (plate 1, fig. 11) flat on dise, 

only very slightly thicker apically than basally; body through metathorax 

not much thicker than through last abdominal segment. Declivity oblique, 

its summit slightly produced and rounded. Elytral striae composed of 

medium glabrous punctures separated by at least their own diameter and 

each bearing a minute seta. Elytral intervals slightly convex, approximately 

three times the diameter of the punctures, sparsely set with setae which are 

no larger than the ones in the punctures. Fourth and sixth intervals not 

produced where they coalesce apically. 

Fore legs longer, fore femora slightly stouter than the other legs. Left 

fore tibia with three, right fore tibia (plate 1, fig. 7) with four small sharp 

teeth on inner edge, each tooth with a stout erect bristle arising from its 

base and with scattered minute serrations between the teeth. The inner 

edges of the fore tibiae bear only a few fine suberect or decumbent long 

hairs; outer edges of fore legs with small recurved setae. Meso- and meta- 

thoracic lees moderately set with pale decumbent or suberect setae. 

Fore and middle coxae very narrowly separated. Posterior margin of 

first abdominal segment broadly arcuately emarginate. First abdominal 

segment medially subequal to the second. Third and fourth abdominal seg- 

ments nearly flat. Last abdominal segment long, nearly flat, completely 

margined, apex briefly truncate and slightly deflected. 

Aedeagus (plate 2, fig. 15) with apical opening broadly lanceolate, 

pointed at apex. 

ALLoTYPE: Female, length 3.9 mm., width 1.6 mm. 

Color as in holotype but lighter throughout; legs and antennae almost 

testaceous. Vertex with a fuscous spot. Thorax with a broad, median, 

fuscous vitta; sides broadly white. Elytra and undersurface colored much 

is in type. 

Seales of dorsal surface contiguous, those of elytra with margins finely, 
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obsoletely raised and obsoletely imbricated posteriorly. Setae more evident 

than in holotype, but not larger. 

Dorsal surface of beak narrowed medially, flared slightly outward api- 

cally. Head more robust than in holotype, pregenae narrowly visible from 

above. Shallow median impressed line on basal third of beak. Apical 

emargination of beak ogival and occupying slightly more than one-third 

of the apical margin. Epistoma shallowly triangularly emarginate apieally. 

Serobes bent at shghtly more than a right angle. Antennal club not notice- 

ably flattened. 

Thorax with sides nearly straight. Elytra slightly broader at middle, 

approximately three times as long as thorax. Deelivity in profile slightly 

concave medially. Metathorax and first two abdominal segments swollen 

so that body is much thicker through those parts than through last abdominal 

segment. Strial punctures inconsiderably smaller than in holotype; elytral 

intervals broader than in holotype. 

Fore tibiae each with four or five small teeth on inner edge. Fore coxae 

very narrowly separated, middle coxae widely separated. Posterior margin 

of first abdominal segment more roundly emareginate. First abdominal seg- 

ment medially much shorter than second segment. Last abdominal segment 

very similar to that of holotype except for extreme apex which is rounded 

and not deflected. 

Holotype, male, near Presidio, Texas, April 5, 1948, Presidio—-2298, J. 

H. Russell, Condalia lycioides, 48-15436 (USNM). Allotype, female, Pre- 

sidio, Texas, April 4, 1945, J. H. Russell, on Pluchea sericea, 45-7140 

(USNM). Paratypes: 38 males, 47 females, as follows: ARIZONA: 2 males, 

1 female, Chittenden; 2 males, Morrison, Hubbard & Schwarz; 2 males, 2 

females, Sunglow, June 15, 1942, A. W. Ford. NEW MEXICO: 1 male, 

3 females; 4 males, 9 females, 8315; 3 males, 8315, Horn; 1 male, 70; 1 male, 

J. B. Smith Collection; 1 female, Mesilla Park, C. N. Ainslie, Webster no. 

5042; 1 female, Loving, J. W. MacSwain; 1 male, La Luz Canon, April 18, 

1902, Van Dyke Collection; 1 male, 3 females, Hidalgo County, June 9, 1945, 

C. T. Winslow, in E. L. Sleeper Collection. TEXAS: 3 males, 4 females, El 

Paso, April, May, A. Fenyes Collection; 1 male, Pecos, May 14, 1927, J. O. 

Martin; 6 males, 7 females, same data as holotype; 9 males, 8 females, Pre- 

sidio, April 4, 1945, J. H. Russell, on Prosopis foliage, 45-9703; 1 female, 

same data as allotype; 1 male, 1 female, Presidio, April 25, 1949, J. H. 

Russell, on Condalia lycioides, 49-11631; 1 female, Presidio, April 17, 1944, 

on Prosopis sp. flowers, Lot no. 44-10899; 1 female, Presidio, May 7, 1944, 

J. H. Russell, on Atriplex canescens flowers, 44-22680; 2 females, Sheffield, 

April 24, 1924, J. O. Martin; 2 females, Terlingua, Brewster County, May 6, 

1927, J. O. Martin. 
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Paratypes are in the following collections: CAS, CNC, CU, INHS, USNM, 

Howden, Sleeper. 

Male paratypes vary in length from 3.0 to 4.1 mm. and in width from 

1.1 to 1.5 mm. Females vary in length from 3.1 to 4.5 mm. and in width 

from 1.3 to 1.7 mm. Length is far less indicative of sex in Pn. elytroplanatus 

than it is in most species of Pandeleteius or Pandeleteinus. 

Overall color of the paratypes varies from cinereus to piceous. The 

color pattern is almost obliterated in some specimens by an abundance of 

white scales, but the gross pattern is usually discernible macroscopically : 

dark median vitta on thorax, each elytron with indistinct dark median vitta 

entered by scattered clusters of white scales. The absence of any oblique 

fasciae is notable. All of the scales on a specimen may be without the central 

pustule and with or without very fine margins. In some specimens finely 

margined scales are indistinctly imbricated anteriorly on the thorax and 

posteriorly on the elytra. 

The median impressed line of the beak varies from obsolete to distinctly 

but finely impressed on the basal half of the beak; it is more often well 

expressed than not. The apical emargination of the beak varies from almost 

semicircular to sharply triangular. The apical margin of the epistoma varies 

from truncate with a small median indentation to deeply triangularly emar- 

ginate. The serobes are quite variable, ranging from evenly arcuate to 

sharply angular (never quite right-angled), the horizontal portion always 

shorter than the vertical portion, but sometimes subequal. 

Thorax subquadrate, with sides nearly straight to distinetly rounded be- 

tween constrictions. The dark and light vittae of the thorax contribute to 

this quadrate habitus. 

The fore tibiae each bear three to six small sharp teeth with stout pale 

or dark bristles at their bases. The form of the fore tibia is more clearly 

delimited than in Pn. magdalenensis and Pn. lucidillus because of the fewer 

and finer setae. The legs or just the femora are sometimes slightly bowed 

downward. 

The last abdominal segment is also only slightly different in the 

two sexes. The metathorax and first two abdominal segments are ‘“‘swollen” 

in both sexes, but more so in females. This gives the female a very different 

profile from that of the male where the abdominal segments are nearly flat 

and more nearly on the same plane. Females also tend to have wider elytral 

intervals, more widely separated middle coxae, longer second abdominal 

segment usually strongly deflected posteriorly, and more nearly vertical 

declivity. 

In collections this species was frequently labelled Pandeleteius cinereus 

Horn, and was also variously labelled, ““LeConte say it an. sp.,” “Sitones 

n. sp.,” and “Pandeleteius n. sp.” More than the other species of Pandele- 
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teinus, this one approaches Pandeleteius in its slightly stouter fore femora 

and its frontal prominence, which is centered over the posterior margin of 

the eyes instead of the middle of the eyes. But it clearly belongs to Pandele- 

teinus in all of its generic characters. 

Pandeleteinus elytroplanatus is quite distinct and may be separated from 

the other forms of Pandeleteinus by its characteristic elytra which are 2.5 

to 3 times longer than the thorax, flat dorsally and of nearly equal thickness; 

minute and inconspicuous dorsal setae; and linear color pattern. 

The known range of Pandeleteinus elytroplanatus overlaps the southeast- 

ern part of the range of Pn. submetallicus and is farther east than the ranges 

of Pn. magdalenensis and Pn. lucidillus. Its range extends from Sheffield, 

Texas, southwest to Terlingua, and northwest to Pecos, Texas; north and 

west to Loving and La Luz Canon, New Mexico; and into Arizona. Its pres- 

ence at El Paso, Presidio, and Terlingua, Texas border towns, indicates that 

it undoubtedly occurs in Mexico also. All of the specimens were collected in 

April and May. The time of mating is indicated by an April 4 female from 

Presidio with male genitalia broken off in it. 

The large series of specimens from Presidio was collected on the follow- 

ing hosts: Condalia lycioides, Prosopis sp. flowers and foliage, Pluchea 

sericea, and Atriplex canescens flowers. 

Genus Pandeleteius Schonherr 

Pandeleteius ScHONHERR, 1834, p. 129. CHAMPION, 1911, pp. 185-206, 2 pls. PIERCE, 

1913, pp. 402-404. 

Pandeletejus Horn (in Leconte and Horn), 1876, pp. 86-87. Far, 1907, pp. 262-264. 

SCHAEFFER, 1908, pp. 215-217. 

Type Species: Pandeleteius hilaris (Herbst) (=P. pauperculus Gyl- 

lenhal), designated by Schonherr. 

Although the genus Pandeleteius has been characterized by several of 

the above authors, an amended definition seems appropriate to take into con- 

sideration the four new species added and the two species removed from the 

genus, Pn. submetallicus (Schaeffer) and Hadromeropsis opalinus (Horn) 

(= P. viridissimus Van Dyke). 

Size small to moderate, length 2.9 mm. to 7.4 mm. Head rounded or 

flattened. Beak with apical emargination deep to shallow; epistoma truncate 

to emarginate or produced over the mandibles, the latter being the case 

when the beak is deflected at apex. Anterior vertical margin at sides of 

beak not deeply triangularly emarginate (plate 1, figs. 1, 2, 4, 5). Apex of 

beak not flared outward under serobes so that the flange is visible ventrally 

(except possibly in P. rotundicollis Fall). Serobes deep, usually not reach- 

ing undersurface of beak, often quite close to eyes. Antennal funicle seven- 

segmented except in P. defectus Green and P. rotundicollis Fall where it is 
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variable. Thorax with sides arcuate, constricted at base, and often con- 

stricted at apex; never truncate apically. Thorax with ocular vibrissae 

well developed (except in P. subtropicus), usually arising from a small 

tooth or knob. Fore legs elongate, fore femora often greatly enlarged. Fore 

coxae distinctly, although sometimes narrowly, separated. Aedeagus (plate 

2, figs. 4 to 8, 10, 11, 18, 14, 16) stout, gently areuate or nearly straight. 

Secondary sexual characters often strongly expressed. Last abdominal seg- 

ment of male truncate, not margined at apex; last abdominal segment of 

female rounded at apex, completely margined, often with oblique pits or 

depressions each side of middle at base. 

In addition to the characters discussed in the Procedure, secondary 

sexual characters are also occasionally found in Pandeleteius as follows: 

head and beak more robust in the female; setae on the crest of the elytral 

declivity more prominent in the female; fore coxae in relation to the middle 

coxae more widely separated in the female; hind tibiae spatulate in the male. 

The species of Pandeleteius of the United States and Canada readily fall 

into five related groups. The groups are briefly characterized here only to 

give the reader a conspectus of the genus. The P. cinereus group relates 

Pandeleteius to Pandeleteinus, and the P. rotundicollis group relates Pan- 

deleteius to Hadromeropsis. The species are listed below in the order in 

which they are described in the text. 

P. cinereus group 

P. cinereus Horn 

P. subtropicus Fall 

Scales strongly margined and reticulate. Fore coxae widely separated. 

Fore legs scarcely enlarged; fore tibiae short and straight. Size small, 2.9 

to 4.4 mm. 

P. simplarius group 

P. buchanant, new species 

P. simplarius Fall 

Hind tibiae of male spatulate. Head broad; beak roughly conieal, con- 

spicuously narrowed anteriorly so that the serobes and pregenae are broadly 

visible from above. 

P. robustus group 

P. robustus Schaeffer 

P. henryi, new species 

P. plumoswentris, new species 

Hind and middle tibiae of both sexes with flattened sealeless area on 

inner surface (P. plumosiventris males are unknown, and their hind tibiae 

may be spatulate; in this event, it would belong in the P. simplarius group.) 

Antennal serobes very short. Eyes large, not very convex. 
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P. hilaris group 

P. hilaris (Herbst) 

P. dentipes Pierce 

P. defectus Green 

P. attenuatus, new species 

Beak deflected at apex, epistoma produced over mandibles. Fore legs 

moderately enlarged. 

P. rotundicollis group 

P. rotundicollis Fall 

P. longicollis Champion 

Beak long, parallel-sided, sides vertical. Apical emargination of beak 

deeply triangular; anterior margin of epistoma triangularly emarginate. 

Thorax scarcely produced apically. Fore femora greatly enlarged, fore tibiae 

very slender. 

KEY TO THE SPECIES OF PANDELETEIUS 

oF AMERICA NortH oF MExIco 

Fore legs scarcely enlarged. Inner surface of hind tibia unmodified, covered 

with scales to apex. Apical margin of epistoma truncate with small indentation 

Or triangular emarcination. — =... 22. eee ee 2 

Fore legs moderately to greatly enlarged. Inner surface of hind tibia spatulate 

or with flattened area near apex smooth, shiny, without scales and often with 

numerous long hairs. Apical margin of epistoma truncate, produced or emar- 

SUT ACC. oe See Ree ie aE A 0 Sach ee OS eA 3 

Beak with swelling over scorbes extending diagonally towards median line; sides 

of beak broadly rounded. Color predominantly cupreous, thorax with broad 

whitish vitta. Southern Florida, Lower California —................ P. subtropicus Fall 

Beak fiat, quadrate; sides of beak perpendicular. Color predominantly gray, 

thorax with dark fusiform vitta. Texas, southern Oklahoma; Nuevo Leon, 

IVC Opeet eese ae cee tare re AS Ss rd. Sak nee See Ey ee ee eee P. cinereus Horn 

Apex of beak deeply, acutely triangularly emarginate. Anterior margin of 

epistoma deeply triangularly emarginate. Beak long and thin; pregenae and 

scrobes very narrowly or not visible from above ................2202.2.2.2200020seeeeeeeeeeeceeeeeeee= + 

Apex shallowly, obtusely triangularly or arcuately emarginate. Anterior margin 

of epistoma produced or with slightly asymmetrical indentation. Pregenae and 

Scrobes broadly visible from above ....2.2222.2. 2 ee 5 

Fore femur with a short groove for the reception of the tibia on inner edge near 

apex, which is marked dorsally by a crescentic projected margin. Color fuscous 

marked with light scales. Southern Arizona to western Texas; Mexico ~.............. 

P. rotundicollis Fall 

Fore femur without tibial groove or projected margin. Color beige immaculate 

or with a few faint brown dots on elytra and light brown median line on thorax. 

Eastern Texas; Mexico ............... iio l a he eee P. longicollis Champ. 
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10. 

ale 

12. 

Apical constriction of thorax absent or obsolete on disc; scales of thorax not 

roa veW creat oeXo, Tab ave ie feet cee OND UN cS See ees ee ee eee ae ee RE ieee Or Se eee ees 6 

Apical constriction of thorax evident on disc; scales of thorax margined or not, 

LINE hyMOGACOALS Eliya Ste Ten Ontgestee UCU CG) eae oes ee ee ee eee 1 

Elytra convex from extreme base; humeri inconspicuous. Hind tibia of male 

strongly spatulate. Apical margin of epistoma truncate with asymmetrical in- 

dentation. Cloudcroft, New Mexico; Chisos Mountains, Texas........................-------- 

P. simplarius Fall 

Elytra swollen behind humeri, humeri prominent. Hind tibiae of male similar 

to those of female, not spatulate, only slightly flattened apically. Apical margin 

of epistoma bluntly produced beyond apex of beak. Southeastern Arizona....__.. 

RN NS tie CRM RE tN ok a oe act seeder P. henryi, new species 

Fore tibia distinctly curved inward at apex. Scrobes very short, or long and 

arcuate. Hind tibiae of male (where known) not spatulate —__..........................---- 8 

Fore tibia short, straight. Scrobes strongly angular, passing close to eye, and 

nearly reaching undersurface of beak. Hind tibiae of male spatulate. South- 

eastern Arizona, western New Mexico ......................--....-- P. buchanani, new species 

Tuft of two to four erect white setae at base of fifth elytral interval. Alternate 

intervals one, three, and five more convex and with a row of broad recurved 

setae; intervals two, four and six flattened and scarcely setate. Last abdominal 

segment in female with numerous finely plumose and branched setae in addition 

to the long slender hairs. Male unknown. Southeastern Arizona; Sonora, Chi- 

DUA, Bal IDR), WICC) oe eee P. plumosiventris, new species 

Without tuft of erect setae at base of fifth interval. Alternate intervals scarcely 

more convex, if at all; all intervals with slender setae. Last abdominal segment 

without plumose or branched setae, and with at least a few scales _................. 9 

Fore legs greatly enlarged. Eyes large, oval, only slightly convex. Southeastern 

ZO atall de WieCxXd GOs ee) ae 8s ee ee eee P. robustus Schaeffer 

Fore legs moderately enlarged. Eyes small, rounded, hemispherical -................ 10 

Fore tibiae dentate on inner edge. Setae of dorsal surface shorter, often stout 

ANG Bl ESSMCOMS PLC O US pees cc ccee aces ee a ee eee 11 

Fore tibiae without teeth on inner edge, but serrate at apical curved edge. Setae 

of dorsal surface long, very slender. Southern Arizona, western New Mexico 

ENON Ste eR YR eee oe ee td ees st ol P. attenuatus, new species 

Inner edge of fore tibia sinuate (plate 2, fig. 1). Elytra very narrow across 

humeri, humeri obsolescent. South-central and western Texas..............-..........-....- 

8 a Na Ne ot cena c hb eee P. dentipes Pierce 

Inner edge of fore tibia straight nearly to apex. Elytra broad across humeri; 

MNUIMVE Te POT OTM OME, S CUAL = 2s = sence ene ee 12 

Inner edge of fore tibia with 7 to 14 small, equal teeth, sometimes with minute 

teeth interspersed between them. Scrobe arcuate, of even thickness. Eastern 

and central United States and southern Ontario ___................... P. hilaris (Herbst) 

Inner edge of fore tibia (plate 2, fig. 3) with 4 to 7 widely separated, conspicuous 

teeth, with very few or no serrations between them. Scrobe angular, wider at 

angle. Chisos Mountains, Texas; northern New Mexico and Colorado to “Gey- 

STE read © eal Te Tot NT Ape et ae ge ees eee ee ne ee nares nee ree ee P. defectus Green 
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Pandeleteius cinereus Horn. 

(Plate 2, fig. 6.) 

Pandeletejus cinereus Horn (in LeConte and Horn), 1876, p. 87. 

Color dark gray to brown, composed of off-white, tan and dark brown 

seales. Overall color slightly mottled, sometimes with dark median vitta on 

thorax dilated just below middle; dise of elytra with two dark oblique fasciae, 

one before and one behind middle, each bordered caudally with light seales. 

Seales of the head and beak with raised margins and raised lines giving 

them a reticulate appearance. Seales of the dise of elytra and thorax some- 

times like those of head, but often with raised margins and raised granules; 

the seales of the thorax sometimes graded between the two types. In these 

areas of intergradation, the reticulation appears to develop from the granules 

coalescing. 

Beak with dorsal surface flat, sides subparallel, abruptly perpendicular, 

with genae only slightly visible from above. Median line impressed from 

between eyes (not originating in a fovea) to apical third, gradually becoming 

earinate to tip (carina sometimes obscured by scales). Emargination at 

apex of beak strong, roughly a right-angled triangle. Anterior margin of 

epistoma truncate with tip of beak, with a median or off-center emargination 

varying from a slight notch to deep triangle. Scrobes strongly curved, de- 

secending well below eyes. Eyes oval. Antennal club short and stout; scape 

almost reaching posterior margin of eyes. 

Thoracic constrictions moderate, only slightly evident in lateral profile. 

Apieal constriction at the apical third of the thorax medially; the basal con- 

striction at the basal sixth. Thorax longer than wide, widest at or just below 

middle, apex broader than base, sides gently arcuate between constrictions. 

Punctures rather large and deep, absent above apical constriction. 

Elytra with humeri moderately prominent, rounded. Elytra roughly 

2.2 times as long as thorax; swollen behind humeri in both sexes, only slightly 

more so in female than in male. Declivity nearly vertical, rounded at sum- 

mit. Sutural, second and fourth elytral intervals more strongly convex, 

especially at declivity. Intervals with a row of broad decurved setae. Fifth 

interval prominent at its termination below summit of declivity. 

Fore femora moderately enlarged. Fore tibiae nearly straight, about 

as long as femur, with four to six acute teeth on inner edge. 

Fore coxae broadly separated, slightly more widely separated in female 

than in male. 

Sexual characters moderately developed; hind tibiae unmodified, similar 

in both sexes. Length of second segment of abdomen in relation to third 

and fourth segments combined, relatively greater in female than in male. 

Males: Length 3.3 to 3.7 mm., width 1.3 to 1.5 mm. Last segment of 
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abdomen truneate, declinate, and with the margin obscure at the apex. 

Aedeagus with apex attenuate and truncate (plate 2, fig. 6). 

Females: Length 3.6 to 4.4 mm., width 1.5 to 1.8 mm. Last segment of 

abdomen flat, rounded, margined with oblique basal pits usually obscured 

by vestiture. 

Pandeleteius cinereus ranges throughout Texas except the panhandle, 

and a few specimens were seen from Norman, Oklahoma, and Nuevo Leon, 

Mexico. Fifty-three specimens were examined. 

Pierce (1916, p. 7) states that “Pandeleteius cinereus Horn breeds in 

the stems of mistletoe (Phoradendron flavescens) in Texas. The adults 

mature in the spring. The entire development takes place in the larval cell.” 

Specimens in collections bore out these findings. All were collected in April 

through June. There were records of P. cinereus on juniper “causing death 

to ends of branches” and “bred from Phoradendron flavescens stems.” The 

most common host label was oak, but occasional specimens were collected 

on Juniperus, Bumelia lanuginosa, walnut, pecan, elm, and mesquite. 

Pandeleteius cinereus is easily distinguished by its reticulate scales, char- 

acteristic beak, alternately raised elytral intervals, short swollen elytra, and 

two oblique bicolored fasciae of elytra. 

Pandeleteius subtropicus Fall. 

(Plate 2, fig. 4.) 

Pandeletejus subtropicus Fay, 1907, p. 263. 

Seales cupreous with large areas of white and some dark brown seales. 

Thorax with very broad median white or lhght vitta which extends over 

vertex; elytra with broad white vitta about seutellum and oblique white 

fascia about middle of elytra coalescing with the white epipleura. Under- 

surface white. 

Seales with broad raised margins and raised lines presenting a reticulate 

appearance. Setae of dorsal surface declinate, of moderate size, but incon- 

spicuously colored. 

Beak flattened, with median line impressed from between eyes to about 

middle, sometimes extending well back on frons. Midline carinate from 

middle to apex, the carina extending around the apical emargination of 

beak which is obtusely triangular to arcuate. Dorsal surface of beak with 

an arcuate keel on each side which extends from apex of scrobes nearly to 

origin of median carina. Anterior margin of epistoma truncate with tip of 

beak, median emargination varying from a slight asymmetrical indentation 

to a strong triangular emargination. Scrobes horizontal, then sharply des- 

cending to underside of beak. Eyes small, prominent. Head transversely 
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flattened between eyes, prominent behind eyes. Antennal club with first 

seement elongated, tip oval. 

Thorax usually longer than broad, but occasionally as broad as long 

beeause of the shortened apical projection. Apical and basal constrictions 

moderate laterally, weak dorsally. Dorsal surface of thorax slightly irregu- 

lar, with shallow elongate depressions on each side below middle. Punctures 

obscure, setate. Anterior margin of thorax unusual in that it lacks any 

trace of ocular lobes, teeth, or fimbriae. 

Elytra usually 2.2 to 2.5 times length of thorax in male, usually more 

than 2.5 times leneth of thorax in female. Humeri prominent. Elytra with 

sides gently divergent to about middle, thence gently convergent to apex. 

Declivity gently arcuate to oblique. Alternate intervals more convex, often 

interrupted, especially about declivity. Strial punctures moderate. 

Legs short, fore femora scarcely enlarged. Fore tibiae straight, only 

very slightly bent at apex, inner edge of each with five to nine acute teeth. 

Males: Length 2.9 to 3.3 mm., width 1.2 to 1.4 mm. Last abdominal 

segment gently convex, apex slightly emarginate. Aedeagus very small for 

Pandeleteius, slender (plate 2, fig. 4). 

Females: Length 3.3 to 4.0 mm., width 1.4 to 1.8 mm. Last abdominal 

segment flat with shallow depression each side of middle at base. Elytra 

only slightly broader than in male. The secondary sexual characters are 

weakly expressed in this species. 

No lectotype was designated for this species, since it 1s uncertain from 

Fall’s paper just how many cotypes are in existence. Three cotypes are in 

the California Academy of Sciences, although the Fall collection is in the 

Museum of Comparative Zoology. Pandeleteius subtropicus is such a dis- 

tinctive species that a leectotype should not be vital in the immediate future. 

Only 30 specimens of P. subtropicus were seen, 21 from the Florida keys, 

7 from Dade County, Florida, and 2 from Santa Rosa, Lower California. 

There appeared to be no differences in the beetles from these two widely 

separated localities. 

Pandeleteius subtropicus is very closely related to P. cinereus in its small 

size, strongly margined scales, truncate epistoma, and secondary sexual 

characteristics, yet it is easy to separate from P. cinereus by its more reticu- 

late and cupreous scales and more elaborately sculptured beak, thorax, and 

elytra. 

Like P. cinereus, P. subtropicus resembles Pandeleteinus in many aspects; 

e.g., small size, small prominent eyes, weak thoracic constrictions, only 

shehtly enlarged fore legs, weak secondary sexual characters. However, 

the primary characters are those of Pandeletevus. 

The absence of ocular vibrissae and atypical aedeagus (shorter, more 
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slender) may eventually cause the removal of P. subtropicus from Pande- 

letewus. 

Pandeleteius buchanani Howden, new species. 

(Plate 2, fig. 14.) 

Houotyre: Male, length 3.8 mm., width 1.4 mm. 

Color ferrugineus, covered with white, light brown, and piceous scales. 

Head light with indistinct dark median line on vertex and a white patch 

above each eye. Thorax broadly dark medially with sides pale. Elytra with 

a conspicuous, slightly oblique, broad, black band from middle to apieal 

third irregularly bordered on both sides with white scales, another narrow 

black band across declivity. Fifth, sixth, and seventh intervals white on 

apical fourth, the white scales contiguous with those bordering apical band; 

remainder of dise of elytra with scattered white patches. Undersurface 

white, legs mottled. 

Seales roughly seulptured with raised margins and granulations or 

reticulations, like the seales of P. cinereus. 

Head and beak with sides convergent from base to apex. Dorsum of 

beak narrow from eyes to apex so that scrobes and genae are broadly visible 

from above. Moderately impressed median line extends from between middle 

of eyes to apex. Beak nearly flat on each side of median line; sides of dise 

rounded, slightly elevated over insertion of antennae; apex of beak deflected; 

surface deeply but finely setate punctate. Apex of beak obtusely triangu- 

larly emarginate. Seales of beak ending in a straight line across tip of beak 

and therefore not reaching extreme anterior at sides. Anterior margin of 

epistoma broadly arcuate, only slightly produced beyond sides of beak. 

Epistoma indistinctly raised medially, similar to median ridge in epistoma 

of P. hilaris. Serobes directed diagonally toward upper part of eye, nearly 

reaching eye, then sharply descending almost vertically nearly to underside 

of beak, passing very close to eye. Eyes elliptical, not prominent; when beak 

is viewed dorsally, eyes scarcely extend beyond sides of head. 

Thorax subeylindrical. Basal and apical constrictions present, sides of 

thorax only slightly arcuate between them. Apical constriction slightly 

before apical third of thorax medially. Constrictions in lateral profile not 

at all prominent. Thoracic punctures small, moderately deep, not at all 

conspicuous, each with a seta at posterior edge directed toward middle 

of apex of thorax; a short median line impunctate. Setae long, recurved, 

and of moderate width; longer and of same width as setae of P. hilaris. 

Elytra approximately 2.1 times leneth of thorax; elytra measured across 

humeri approximately 1.3 times width of thorax. Elytra with sides parallel 

to beyond apical third, thence shghtly convergent to declivity, thence 
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strongly rounded to apex. Humeri moderately prominent, anteriorly slightly 

oblique. Elytra quite convex transversely; scarcely convex longitudinally; 

not flattened or depressed behind humeri; declivity strong. Strial pune- 

tures deep but not large. Intervals narrow, convex, each with a row of 

deeurved setae directed posteriorly. 

Fore legs only slightly enlarged. Fore femora bowed. Fore tibiae 

straight, of even thickness from base to apical sixth where they are slightly 

thinner, thence gently flared outward and obtusely bent inward. Inner 

edge of each fore tibia with seven piceous sharp teeth. Hind femora as long 

as fore femora but not quite as thick, especially basally. Hind tibiae on 

outer surface similar to other tibiae but broader and flatter; inner surface 

with conspicuous spatulate modification as follows: surface rufous, shiny, 

obliquely flattened, without seales on apical half, but with stout, erect, blunt, 

piceous, and fuscous setae on basal three-fourths and along outer margin 

to corbel. Inner margin of hind tibiae with short, pale, decumbent setae as 

on inner margin of intermediate tibiae. 

Fore and middle coxae narrowly separated, equidistant. Posterior mar- 

gin of first abdominal segment straight. Last abdominal segment slightly 

convex, especially apically, lacking margin at apex, not noticeably truneate 

or emarginate at apex. 

Aedeagus (plate 2, fig. 14) short, surface smooth and shiny, rufous. 

Apical opening elliptical in outline. Ventral surface flat, curved down- 

ward from basal third, thickest at opening. 

ALLOTYPE: Female, length 4.5 mm., width 1.8 mm. 

Color pattern as in holotype, except that all but the piceous band is 

obseured by “salt and pepper” markings formed by single dark and light 

scales intermingled. A few scales with a small median pustule and a few 

completely opaque scales on head and beak. Head and beak more robust 

than in holotype. Median line only slightly impressed from between eyes 

to between insertion of antennae where there is a shallow elongate concavity. 

Anterior margin of epistoma irregularly arcuate, obtusely pointed medially. 

Thorax broader than in holotype, but still decidedly longer than broad; 

sides of elytra subparallel, slightly broader just behind middle. Elytra more 

convex along both axes. 

Inner edge of each fore tibia with six fuscous teeth. Hind tibiae with a 

flattened shiny glabrous area on upper edge of distal third, otherwise similar 

to middle tibiae. 

Fore and middle coxae equidistant but more widely separated than in 

holotype. Posterior margin of first abdominal segment very shallowly emar- 

ginate medially. Last abdominal segment longitudinally tumescent, with 
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oblique basal pits deep, and margin broadly flattened from base to middle 

of sides. 

Holotype, male, Montezuma Pass Headquarters, Huachuea Mountains, 

Arizona, July 6, 1956, H. & A. Howden (CAS). Allotype, female, Monte- 

zuma Pass, Huachuea Mountains, Arizona, July 6, 1956, oak, H. & A. Howden 

(CAS). Paratypes: 58 males, 99 females, as follows: ARIZONA: 8 females, 

same data as type; 2 females, same data as allotype; 2 males, Cornell Uni- 

versity lot 822, sub 22; 1 male, C. V. Riley Collection; 2 males, 2 females, 

S. W. Research Station, Portal, July 4, 1956, H. & A. Howden, oak (2), 

pine (2); 1 female, S. W. Research Station, Portal, July 8, 1956, H. & A. 

Howden, lhght; 2 males, 3 females, Chiricahua Mts., July 20, 1949, on oak 

stem, Lindsay & Kaiser, 49-15417; 1 male, 1 female, Chiricahua Mts., July 

27, 29, 1953, D. J.& J. N. Knull; 1 male, Sunglow, May 15, 1946, A. W. Ford, 

in E. L. Sleeper Collection; 1 female, Sunglow, July 15, 1942, H. V. West, 

in E. L. Sleeper Collection; 1 female, Sunnyside, July 20, 1942, H. V. West, in 

E. L. Sleeper Collection; 1 female, Sunnyside, September 1, 1942, H. V. 

West, in E. L. Sleeper Collection; 1 female, Carr Canyon, Huachuca Mts., 

September 28, 1956, L. J. Bottimer, on oak; 3 males, 4 females, Huachuca 

Mts., Brooklyn Museum Collection, 1929; 2 males, 1 female, Huachuea Mts., 

July, 1905, ac. 5152; 1 female, Canelo, August 3, 1956, G. D. Butler; 2 

females, Miller Canyon, Huachuca Mts., July 11, 25, 1907, H. A. Kaeber; 

1 male, 2 females, Huachuca Mts., August 7, 10, 1953, D. J. & J. N. Knull; 

5 males, 10 females, Ft. Huachuea, August 3, 1924, J. O. Martin & E. P. 

Van Duzee; 2 males, 8 females, Carr Canyon, Huachuea Mts., July 7, 1930, 

J. O. Martin; 1 male, 4 females, Huachuca Mts., Carr Canyon, August 5, 6, 

1924, J. O. Martin; 1 female, Carr Canyon, Huachuea Mts., Aug. 7, 1952, 

Leech & Green; 5 females, Huachuca Mts., Cochise County, Floor of Carr 

Canyon, 5400 ft., August 8-9, 1952, H. B. Leech & J. W. Green; 1 male, 1 

female, Ramsey Canyon, Huachuea Mts., July 15-19, 1912, J. R. Slevin; 1 

female, Nogales, Santa Cruz County, August 31, 1906, F. W. Nunenmacher; 

2 females, Nogales, September, 1906, A. Koebele, in Koebele Collection; 

1 male, Kits Peak Rincon, Baboquivari Mts., 1-4, August, 1916, 30° 57’ N., 

111° 33’ W., about 4050 ft.; 1 female, Tubac, July 15, 1945, A. W. Ford, 

in E. L. Sleeper Collection; 4 males, 7 females, Florida Canyon, Santa Rita 

Mts., August 10, 1924, E. P. Van Duzee; 1 female, Santa Rita Mts., September 

26, 1925, A. A. Nichol, in A. Nicolay Collection; 2 males, 1 female, Madera 

Canyon, Santa Rita Mts., Pima County, August 20, 1955, F. G. Werner & 

G. D. Butler; 8 males, 11 females, Madera Canyon, Santa Rita Mts., Pima 

County, August 7, 1957; 2 males, 1 female, Santa Rita, R. R., August 7, 8, 

1957, C. O’Brien; 2 males, 1 female, Mt. Lemon Control Station, Santa 

Catalina Mts., July 26, 1924, E. P. Van Duzee; 1 male, 1 female, Pepper 

Sauce Canyon, Santa Catalina Mts., August 16, 1924, E. P. Van Duzee; 
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2 females, Sabino Basin, Santa Catalina Mts., 32° 22’ N., 110° 46.5’ W., about 

3800 ft., July 8-20, 1916; 1 female, 14 mi. E. Oracle, July 27, 1924, E. P. 

Van Duzee; 7 males, 5 females, Oracle, July 5, 6, 7, 9, 11, 13, 16, Hubbard 

& Schwarz; 1 female, near Oracle, August 17, 1940, Van Dyke; 5 males, 5 

females, Palmerlee, July 4, 7, 8, 9, 10, 25, 1907, H. A. Kaeber; 1 male, 1 

female, Fort Grant, July 13, Hubbard & Schwarz; 2 females, Cochise Strong- 

hold, Cochise County, July 29, 1957, C. W. O’Brien. NEW MEXICO: 1 

male, 3 females, Double Adobe Ranch, Animas Mts., 5500 ft., Hidalgo 

County, August 15, 1952, H. B. Leech & J. W. Green. 

Paratypes are in the following collections: AMNH, CAS, CNC, CU, 

INHS, OSU, USNM, UA, Bottimer, Frost, Howden, Sleeper. 

Male paratypes vary in length from 3.2 to 4.1 mm., and in width from 

1.3 to 1.6 mm. Female paratypes vary in length from 3.7 to 5.2 mm., and 

in width from 1.5 to 2.2 mm. The holotype and allotype are of average size. 

The color pattern is quite constant and distinctive in this species, al- 

though the dise of the elytra and the thorax sometimes have scattered single 

white seales or small patches of scales which produce a “salt and pepper” 

effect. The regular markings are: white sides of the thorax; epipleura 

broadly white extending over the humeri to fifth interval, extending again 

in a broad slightly oblique fascia at middle, and again in a broad fascia over 

summit of declivity; elytra piceous between the two white fasciae. This 

piceous area is rarely interrupted by pale scales and is quite a conspicuous 

feature. Very few specimens of this species were so greasy or teneral or 

abraded that they could not be at least tentatively diagnosed macroscopically 

as P. buchanani on the basis of the elytral marking alone. Accessory white 

markings on thorax are frequent and quite varied; they often form a cross 

near base. 

Seales are always as described for holotype and allotype. The beak varies 

among the paratypes in the median impressed line and amount of deflection 

at apex. The median line is sometimes very vaguely impressed throughout, 

sometimes deep throughout; in either case, with or without the obsolescent 

shallow depression at its apex. The amount of tumescence over the scrobes 

varies, sometimes absent, never strong; when the tumescence is present, the 

beak appears more strongly deflected at the apex. The setae are of various 

colors, regardless of the color of the scales beneath them, but are most often 

pale. 

The anterior margin of the epistoma is quite variable in shape, but always 

extends about the same distance over the mandibles. The anterior margin 

varies from very obtusely triangular, to bisinuate, to arcuate, with or without 

the obsolete median ridge extending in a short median point. The scrobe 

is always very much like that of the holotype and allotype. The head and 

beak are more robust in females than in males, but never as robust as in 
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many females of P. simplarius; when viewed anteriorly the eyes always 

reach or extend beyond the sides of the head. 

The thorax is always decidedly longer than broad, usually subeylindriecal, 

the constrictions never deep dorsally. The thorax sometimes has the sides 

rather arcuate, but always definitely narrower at broadest point than elytra 

across humeri. 

The sides of the elytra are always subparallel, never very strikingly 

broader behind the middle in females as in many species. The elytra are 

always markedly convex along the transverse axis, of varying convexity 

along the longitudinal axis, but always the convexity begins at the extreme 

base. Elytral striae and intervals are quite constant. The declivity varies 

somewhat in angle from not quite vertical to oblique. 

Each fore tibia has from five to ten sharp teeth on the inner edge. The 

hind tibiae of the males always have the large conspicuous flattened area, 

the only variation seen being in the number of suberect blunt setae on the 

surface; in some specimens they were scattered over the entire area, in 

others they were only at the base. These setae are probably easily abraded. 

The posterior margin of the first abdominal segment is usually nearly 

straight in males but is sometimes indented as much as in many females; the 

margin is never very strongly emarginate even in females. The last abdom- 

inal segment in paratypes of both sexes is like that of the type and allotype, 

although the degree of tumescence varies slightly and in some specimens of 

both sexes the apex appears slightly truneate. 

Pandeleteius buchanani is a quite distinct species related by some im- 

portant characters to P. cinereus and by other characters to P. simplarius, 

yet different from both in other respects. In the collections examined, speci- 

mens of P. buchanani were often among series of both P. cinereus and P. 

simplarius; it is related to both. It is related to P. cinereus by almost identical 

scales, setae, scrobes, short straight fore tibiae, similar color pattern, and 

size; it is related to P. simplarius by its very similar beak and epistoma and 

all secondary sexual characters. It is separated from both species by its more 

western distribution, the closest locality for the two species being P. bu- 

chanani from the Animas Mountains of extreme southwestern New Mexico 

and P. simplarius from Clouderoft in south-central New Mexico. 

Pandeleteius buchanani can be readily separated from all other known 

species of Pandeleteius by the following combination of characters: broad 

subapical piceous band on elytra broadly bordered anteriorly and posteriorly 

with white; scales margined, granular to reticulate; dorsal surface of beak 

narrowed anteriorly, pregenae and serobes broadly visible from above; 

epistoma moderately arcuately produced beyond sides of beak; scrobes angu- 

lar, passing close to eyes and nearly reaching ventral surface of beak; thorax 

markedly longer than broad; elytra with sides subparallel, strongly convex 
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transversely; declivity strong; intervals narrow, convex; hind tibiae of males 

spatulate, hind tibiae of females flattened apically; aedeagus short, straight, 

thickest at apical opening. 

This species appears limited to a small area in southeastern Arizona 

from the Baboquivari Mountains north to Oracle, east to Ft. Grant and 

southeast to the Animas Mountains of New Mexico. From specimens exam- 

ined and personal observation, it is common at the lower elevations in the 

mountains in this area in July, August, and September. It was collected 

on oak principally, but specimens were also taken on pine and at light at 

night. 

This species is named in honor of L. L. Buebanan, a well known worker 

on weevils, who very graciously gave the author his extensive notes on 

Pandeleteini. 

Pandeleteius simplarius Fall. 

(Plate 2, fig. 11.) 

Pandeletejus simplarius Fay, 1907, p. 263. 

Pandeleteius spatulatus GREEN, 1920, pp. 195-196. New synonymy. 

Color usually predominantly light gray (light brown in teneral speci- 

mens) covered with oyster white scales and marked with dark and light 

brown seales. Dark scales sometimes so numerous as to give a “salt and 

pepper” appearance and obscure the color pattern. Markings consist of a 

median fusiform dark brown vitta on thorax, a stout white oblique fascia 

about the middle of elytra, and a broad arcuate fascia on vertical surface 

of declivity. 

Seales alutaceous to lightly granular, not margined, without central tu- 

bercle, rounded in outline, and usually not quite contiguous. Setae of dorsal 

surface decumbent, fine, small and inconspicuous. 

Beak short, stout, narrowed anteriorly, slightly convex either side of 

impressed median line which extends from base to apical third. Apex of 

beak slightly deflected, obtusely triangularly emarginate. Anterior margin 

of epistoma roughly truneate, asymmetrically indented. Pregenae broadly 

visible below scrobes when viewed dorsally; genae more robust in females. 

Serobes gently arcuate, widened behind, directed toward lower margin of 

eyes, but not reaching them. Eyes oval, flattened in female, slightly convex 

in male. Antennal club stout, pointed oval. 

Thorax subspherical or ovoid, about as broad as long, sides gently arcuate. 

Apical constriction absent dorsally, sometimes present laterally; basal con- 

striction adjacent to base. Thorax deeply, closely, setate-punctate on disc, 

becoming impunctate cephalad of apical constriction. 

Elytra usually twice as long as thorax in females, less than twice as 
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long as thorax in males. Elytra strongly convex longitudinally and trans- 

versely; humeri not prominent. Elytra across humeri only slightly wider 

than thorax, broadest at middle. Strial punctures elongate to rounded, shal- 

low to moderately deep. Intervals slightly to moderately convex. 

Fore legs greatly enlarged. Fore tibiae slightly sinuate, bent inward at 

apex; inner edge with seven to ten teeth, the middle teeth larger than those 

at either end. 

Fore coxae broadly separated, slightly more widely separated in female 

than in male. 

Males: Length 3.6 to 4.8 mm., width 1.5 to 1.8 mm. Last segment of 

abdomen broadly, gently convex, apex deflected and truncate. Last dorsal 

segment transversely swollen, with numerous short light hairs, apical mar- 

ein sharply emarginate. Hind tibiae “spatulate,” i.e., gradually widened 

apically, inner surface strongly concave, distal half of concavity without 

seales but with yellow hairs. Outer surface of hind tibiae near normal, but 

much broader than other tibiae. Aedeagus (plate 2, fig. 11) with apical 

opening extending one-third of the way to the base. 

Females: Length 4.2 to 6.4 mm., width 1.7 to 2.4 mm. Last segment of 

abdomen tumid from apex to center. Hind tibiae with inner surface near 

apex flattened, without seales, and with numerous dark bristle-like setae. 

Dr. E. A. Chapin graciously compared some topotypes with Fall’s unique 

type of Pandeleteius simplarius in the Museum of Comparative Zoology. 

Fall’s type is a female and hence has the unmodified hind tibiae. The female 

homotype of P. simplarius and eight female paratypes of P. spatulatus Green 

were compared by the author and are unquestionably the same species. 

Eight specimens were seen from the P. simplarius type locality of Cloud- 

croft, New Mexico; the other 93 specimens examined were all from the 

P. spatulatus type locality of the Chisos Mountains, Texas. Except for the 

color which is more brown than gray in some of the Clouderoft specimens, 

there are no differences between them and the Texas specimens. 

Pandeleteius simplarius is easily distinguished from other species by 

its distinctive habitus, truncate epistoma, short arcuate scrobe, and secondary 

sexual characters. It bears the maximum expression of secondary sexual 

characters of United States species. 

Specimens were collected in June and July; a few bear the host label 

of locust. 

Pandeleteius robustus Schaeffer. 

(Plate 1, fig. 4, plate 2, fig. 5.) 

Pandeletejus robustus SCHAEFFER, 1908, p. 215. Lectotype male here designated. 

There are seven cotypes of Pandeleteius robustus Schaeffer in the United 

States National Museum collection. Only one of these has the thorax as 
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long as wide as stated in Schaeffer’s description. This specimen, a male, 

labelled, ‘““Huach. Mts., Ariz.,” “Brooklyn Museum Coll. 1929,” “Cotype No. 

42475 U.S.N.M.,” is here designated as lectotype and has been so labelled. 

The specimen selected as allotype is labelled “‘Palmerlee Cochise Co., VII, 

Ariz.,” “Brooklyn Museum Coll. 1929,” “Cotype No. 42475 U.S.N.M.” It 

has the elytra “gradually widening towards apex” which is characteristic 

ot the females and is therefore not apparent in the lectotype. 

LectotyPE: Jale, length 5.0 mm., width 1.8 mm. 

Color light ferrugineus covered with near-white, testaceous, and fuscous 

scales. Head and beak mostly testaceous. Thorax testaceous and white with 

two fuscous vittae which form a diamond on the convexity. Elytra with 

suture testaceous; small fuscous dot on base of third interval; apical third 

of elytra including declivity mostly white, bordered anteriorly with fuscous 

fascia. 

Seales not contiguous, finely margined. Scales of the dise of the thorax 

with central pustule and coarse granules; the granules becoming less dis- 

tinct and the pustules becoming larger toward apex of thorax until along 

the anterior margin, the scales are entirely smooth, shiny, and convex. The 

latter condition prevails on the head and beak. Scales of the dise of the 

elytra with or without small central pustule and distinct coarse granules. 

Undersurface with rounded, finely sculptured, slightly opalescent scales 

which are not contiguous. Setae of dorsal surface moderately long, slender, 

nearly decumbent, inconspicuous. Undersurface and inner edges of legs 

with very long, slender, white hairs. 

Beak (plate 1, fig. 4) thick, rather long, flattened. Dorsal surface gently 

narrowed anteriorly. Scrobes and pregenae broadly visible from above. 

Median line deeply impressed from between eyes to between insertion of 

antennae. Apex of beak slightly deflected either side of midline, emargina- 

tion obtusely triangular, marked with a slight keel. Anterior margin of 

epistoma slightly arcuate. Serobes short, slightly arcuate, directed toward 

lower margin of eyes, not clearly defined posteriorly. Eyes large, elliptical 

(Schaeffer described them as ‘“rounded’’), slightly convex, nearly touching 

dorsal surface of beak, and extending beyond sides of head when viewed 

dorsally. Antennae with funicular segments long and slender, first segment 

1.5 times as long as second; club elongate. 

Thorax (plate 1, fig. 4) nearly as long as broad, with strong basal and 

apical constrictions, subspherical between constrictions. Ocular vibrissae 

arising from large blunt tooth. Sides of thorax swollen about insertion of 

coxae, the swelling narrowly visible from above; sides of thorax in dorsal 

profile nearly straight. Thoracic punctures subfoveate, sparse, becoming 
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much shallower on basal half at sides. Short, irregular median line impressed 

on basal half of dise above basal constriction. 

Elytra about two times length of thorax; elytra across humeri approxi- 

mately 1.1 times width of thorax; humeri prominent. Third interval tumid 

at base, sutural intervals elevated at crest of declivity, and fifth interval 

tumid at its termination. Sides of elytra subparallel, indistinctly swollen 

behind humeri. Striae of moderate-sized deep punctures; intervals nearly 

flat with a row of setae, the latter slightly more numerous on the alternate 
intervals which are also very slightly more convex. Declivity rather abrupt 
but oblique. 

Fore legs greatly enlarged. Fore tibiae slender, longer than fore femora; 

middle and hind tibiae shorter than their associated femora. Fore tibiae 

curved inward at apical third, inner edge of each with six irregular small 

teeth interspersed with numerous denticles. Hind and, to a lesser extent, 

middle tibiae with their inner surfaces near apex flattened, without scales, 

but with long hairs and very shiny; inner edge of tibiae denticulate. 

Fore and middle coxae widely separated; fore coxae slightly more widely 

separated than middle coxae. Posterior margin of first abdominal segment 

almost straight, scarcely emarginate medially. Last abdominal segment 

slightly convex, apex broadly, arcuately emarginate. 

ALLOTYPE: Female, length 6.2 mm., width 2.5 mm. 

Colored as lectotype male but with elytral markings more distinct. Beak 

more robust than in lectotype, pregenae and secrobes more broadly visible 

from above. Eyes flattened, not reaching sides of head when viewed from 

above. Thorax distinctly broader than long. Elytra 2.4 times length of 

thorax; elytra across humeri approximately 1.1 times the width of thorax 

as in lectotype male. Elytra distinctly swollen beyond basal fourth. Alter- 

nate intervals more obviously convex, especially at declivity. Fifth interval 

much more tumid at its termination. Extreme apex of elytra slightly pro- 

duced, giving profile of declivity a slight sinuosity. Fore tibiae each with 

eight small teeth on inner edge. Flattened area on hind and middle tibiae 
smaller. Fore coxae separated by twice the distance of the middle coxae. 

Posterior margin of the first abdominal segment slightly arcuately emar- 

ginate medially. Last abdominal segment nearly flat with foveate depres- 

sion on each side at base; margin complete; apex broadly rounded. A fine 

groove extending around this segment parallel to margin. 

VARIATION: Length of males examined varies from 4.3 to 5.8 mm., width 

from 1.7 to 2.3 mm. Length of females varies from 5.0 to 7.4 mm., width 

from 2.0 to 3.2 mm. Elytra are often so mottled that the color pattern is 

obscured, but the thoracic vittae are rather constant. The suture is always 

testaceous and there are often two or three short indistinct spurs extending 
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from it; the declivity is usually marbled with white. The anterior margin 

of the epistoma varies from arcuate to rounded, often irregular. The median 

line of the thorax varies from obsolete to quite pronounced on the basal two- 

thirds. The elytra are 1.9 to 2.5 times the length of the thorax, longest in 

females. The third and fifth intervals are usually slightly more convex. At 

the base of the fifth interval are often found one to three inconspicuous sub- 

erect white setae which would not be notable except that they appear to be 

a rudimentary expression of the tuft of setae in P. plumosiventris. Fore 

tibiae each with 6 to 11 irregular small teeth. The flattened area at the apex 

of each hind tibia is a bisexual characteristic but is usually much weaker 

in females than in males. 

The aedeagus (plate 2, fig. 5) is very large, only shghtly areuate—twice 

the size of the aedeagus of the majority of species of Pandeleteius. The long 

thin apical projection is curved downward, parallel-sided, and truneate at 

apex. 

In the male the second segment of the abdomen medially is as long as 

the third and fourth segments combined. The last abdominal segment some- 

times has the apex slightly deflected and is rather evenly convex or flat. 

In the female the second segment of the abdomen medially is one-half 

to three-fourths longer than segments three and four combined. The last 

abdominal segment is slightly truncate to broadly rounded at apex. 

Over 200 specimens of P. robustus were seen from the Chiricahua, Hua- 

ehuea, and Santa Rita mountains of Arizona where it was collected in July, 

August, and October on Quercus arizonensis and Douglas fir. In addition, 

many specimens from Mexico were examined which probably belonged to 

P.robustus. Both the Mexican and Arizona specimens were more common, 

but not restricted, to the higher altitudes, 1.e., around 7000 to 8000 ft. Mexi- 

can specimens need further study in relationship to P. hirtipes Champion 

and P. maculicollis Champion. 

Pandeleteius robustus is distinguished from other United States species 

by its large size, robust form, thorax subspherical between strong basal 

and apical constrictions, and hind and middle tibiae slightly modified in 

both sexes. The tooth at the anterior margin of the thorax is much larger 

than in the other species of Pandeleteius except P. henryi, new species, to 

which it is also closely related in several other respects (see discussion fol- 

lowing description of P. henryt). 

Pandeleteius henryi Howden, new species. 

(Plate 1, fig. 1, plate 2, fig. 8.) 

HouotryrPeE: Male, length 5.5 mm., width 2.0 mm. 

Color fuscous; tibiae, tarsi, and antennae (except darker club) ferru- 

gineus. Clothed with white, light testaceous, and piceous scales. Head and 
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beak predominantly testaceous. Dise of thorax testaceous, mottled with white 

on sides. Elytra mottled, sutural interval mostly testaceous; fifth, sixth, and 

seventh intervals mostly white from base to middle; piceous diagonal fascia 

below middle, bordered posteriorly by a broad white fascia, both fasciae 

reaching suture. Legs mottled, mostly white; undersurface white. 

Seales of elytra granular, without margins, not contiguous, a few with 

a small central smooth shiny spot. Seales of base and sides of thorax like 

those of elytra; the shiny central pustule on the scales becoming larger 

toward middle and anterior of thorax, until on the impunctate median 

elevation and in a broad band along anterior marein of thorax, the seales 

are largely convex, smooth, and shiny. Seales of head and beak grading 

from granular with pustules on vertex to convex, unsculptured, and shiny 

on beak. 

Beak (plate 1, fig. 1) very stout, short, cubical, nearly flat, searcely 

inclined from occiput to apex. A few scattered small setate punctures on 

head; setae of beak more numerous, long, slender, and decumbent. Serobes 

not visible from above, pregenae only narrowly visible from above. Beak 

marked with an obsolete median impressed line between eyes and a shallow 

circular depression at crest of deflection. Apex of beak abruptly, ver- 

tically deflected at apex of scrobes. Emargination at apex of beak acutely 

triangular, vertical. Base of epistoma vertical; apical half of epistoma 

horizontal, extending only a short distance. Anterior margin of epistoma 

very irregular, probably from abrasion. Mandibles closed, nearly concealed 

from above by epistoma. Labrum and maxillae completely exposed, the tips 

of the maxillae visible from above. Secrobes very short, nearly horizontal, 

dorsal margin arcuate, not quite reaching lower margin of eye, deep through- 

out. Funicle seven-segmented; first segment of funicle almost half as long 

as scape, second segment two-thirds the length of first segment, other seg- 

ments subequal, moniliform. Eyes large, oval, slightly convex, but not 

prominent, reaching but not extending beyond sides of head when viewed 

from above. 

Thorax slightly longer than broad, sides areuate, broadest behind middle. 

Apical constriction absent dorsally, apparent on sides at apical fourth; 

basal constriction complete, very close to basal margin. Dorsal surface of 

thorax (plate 1, fig. 1) gently arcuate in later profile. Short impunctate 

median elevation with seales as described above. Thoracic punctures of 

moderate size and foveate along base and on either side of midline, beecom- 

ing shallower and more distant apically and laterally. Seta at the base of 

each puncture long, slender, recurved, but nearly prostrate. Ocular vibrissae 

arising from a relatively large, blunt tooth. 

Elytra slightly less than twice as long as thorax; humeri prominent. 

Sides subparallel, widest at middle. Declivity slightly evident in dorsal 
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outline. Third interval with basal fifth obsoletely raised. Elytra in lateral 

profile slender, flat dorsally, slightly inclined from middle to decelivity. 

Declivity at apical ninth, oblique, arcuate at crest. Fifth interval not 

prominent at its termination. Elytral intervals even, slightly convex, each 

with an irregular row of setae which are slightly longer and more lanceolate 

than those of the thorax. Striae with small deep punctures which are sep- 

arated by a distance of more than their own diameter. Scutellum large. 

Fore legs enlarged; fore femora stout, slightly bowed. Fore tibiae of 

equal thickness throughout, curved inward at apical third. Inner edge 

of each fore tibia with nine uneven teeth, irregularly distributed, apical 

curved edge serrate, entire edge with numerous long erect hairs which do not 

obseure teeth. Apical tooth of fore tibiae slightly larger than the median 

teeth; apex of each fore tibia with only six very small bristles across apex 

near apical tooth. Middle legs short; inner edges of middle tibiae without 

seales, with numerous long, fine hairs and three denticles. Inner edges of 

hind tibiae denticulate; inner surfaces slightly flattened apically, without 

scales and with numerous long, fine hairs. Hind tibiae in anterior profile 

only slightly thinner near apex, not extremely spatulate as in P. buchanani 

and P. simplarius, but intermediate between the spatulate and normal tibiae. 

Fore coxae separated by about the same distance as the middle coxae. 

Posterior margin of first abdominal segment obsoletely emarginate medially. 

Last abdominal segment slightly convex, broadly truncate with apical margin 

slightly indented. 

Aedeagus as in plate 2, fig. 8. 

ALLOTYPE: Female, length 6.9 mm., width 3.1 mm. 

Color as in type, but markings of elytra somewhat more obscured; vertex 

broadly white each side of middle. Seales like those of type. 

Beak with median line lightly impressed from between eyes to apex. 

Beak not more robust than in type. Extended sides of epistoma slightly 

convergent, anterior margin truncate, vaguely sinuate. Epistoma extending 

slightly beyond mandibles which are closed and extend only a short distance 

beyond apex of beak. Labrum and maxillae fully exposed as in type. 

Elytra swollen dorsally and laterally behind humeri, widest at middle. 

Elytra more than twice as long as thorax. 

Fore legs similar to those of holotype. Hind tibiae each with a flattened, 

hairy area at apex like that of male holotype and as large as in the holotype. 

Fore coxae separated by a slightly wider distance than middle coxae; both 

coxae much more widely separated than those of male holotype. Posterior 

margin of first abdominal segment only slightly more emarginate than in 

male holotype. First and second abdominal segments longer than in male. 

Last abdominal segment more elongate than in male, much more strongly 

convex and narrowly truneate apically. 



VoL. X XIX] HOWDEN: PANDELETEIUS AND PANDELETEINUS 401 

Holotype, male, Madera Canyon, Santa Rita Mts., Arizona, October 18, 

1936, E. P. Van Duzee (CAS). Allotype, female, same data as holotype 

(CAS). Paratypes, 1 male, 6 females, as follows: ARIZONA: 1 male, 3 

females, same data as holotype; 1 female, Madera Canyon, Santa Rita Mts., 

Pima County, September 26, 1956, C. W. O’Brien; 2 females, Southwest 

Research Station, Chiricahua Mts., September 26, September 28, 1956, 

A. M. Nadler. 

Paratypes are in the following collections: CAS, UA, Bottimer, Howden. 

The type series of P. henry are remarkably uniform. The type and 

allotype represent the extremes in size. The beak in some of the paratypes 

appears to be shightly more tumescent over the serobes than in the type. Sex- 

ual differences include the swollen and slightly longer elytra of the female; 

the longer first, second and last abdominal segments of the female, and the 

different contours of the last abdominal segment; but not the modified 

hind tibiae which are alike in both sexes. 

Pandeleteius henryi may be distinguished from other Pandeletewus by 

its cubical beak which is searcely inclined from the head, very short scrobes 

and slightly modified hind tibiae in both sexes. Pandeleteius henryi is most 

closely related to P. robustus in its large size, similar forelegs, similar 

serobes, and large tooth from which the ocular vibrissae arise; however, its 

thorax resembles that of P. simplarius more than P. robustus, and its see- 

ondary sexual characters fall between the two species. It is also related to 

P. plumosiventris (of which only females are known) in the features of the 

serobes, beak, hind tibiae, last abdominal segment, and shape of elytra. 

With considerable pleasure I name this striking species for my husband. 

Pandeleteius plumosiventris Howden, new species. 

(Plate 1, fig. 2 and 3.) 

HouotyPe: Female, length 4.2 mm., width 1.7 mm. 

Color brown with legs and antennae light ferrugineus, covered with 

cinereus and pale brown seales. Thorax with narrow dark parenthesis- 

shaped vittae, white in center. Elytra slightly mottled, each with an in- 

distinct, dark, diagonal fascia on apical third (visible macroscopically only), 

and a white spot at the base of the fifth interval. 

Seales conspicuously maregined with vague central pustule and irregular 

lines and large granules presenting a mosaic surface. Seales mostly not 

contiguous. 

Beak (plate 1, figs. 2 and 3) short, dorsal surface narrow with sides 

parallel; pregenae and serobes narrowly visible from above. Median line 

impressed from between eyes to between insertion of antennae, thence gradu- 

ally becoming carinate to apex. Beak flat between eves becoming slightly 
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inclined toward median line over scrobes, apex declined. Head and beak set 

with long recurved setae, those of vertex nearly decumbent and inconspicu- 
ous; declined apex of beak with scattered long slender white hairs. Apical 

emargination very obtusely, shallowly triangular, carinate, with conspicuous 

yellow hairs along carina. Epistoma (plate 1, fig. 3) broad at base, apical 

margin rounded, extending a short distance beyond sides of beak. Serobes 

very short, slightly arcuate, much broader behind, bordered ventrally with 

plumose seale-like setae which extend in a band to ventral surface of beak. 

Eyes oval, flattened, extending slightly beyond sides of head in anterior 

view. Funicle seven-segmented, second segment one-half the length of 

the first, outer segments becoming moniliform. Antennal club moderate 

in length, pointed oval. 

Thorax longer than broad, sides gently arcuate, constrictions moderate, 

apical constriction at apical third medially. Surface with sparse punctures, 

deep on dise, much shallower toward sides. Short impunetate median line 

slightly elevated. A long, rather stout recurved seta at the posterior mar- 

oin of each puncture, setae more numerous on the apical constriction where 

there are no punctures. A row of plumose hairs on posterior edge of pro- 

thorax and anterior edge of elytra. 

Elytra 2.2 times leneth of thorax; elytra across humeri approximately 

1.3 times the width of the thorax. Humeri prominent; elytra slightly swollen 

behind basal fourth, broadest medially. Declivity only slightly indicated 

in dorsal outline, gently arcuate in lateral outline. Alternate intervals (one, 

three, five, seven) convex with a thick row of thick recurved setae. Setae 

of extreme apex somewhat straightened. Intervals two, four, and six flat; 

interval two with one to two setae, interval four with four setae, interval 

six with 11 setae. Striae of small, deep punctures separated by twice their 

diameter, each bearing a minute seta. A cluster of four thick, white, long, 

erect setae at the base of the fifth interval. 

Fore legs mcderately enlarged. Fore femora slightly bowed. Fore tibiae 

of equal thickness throughout, bent inward from apical third. Inner edge 

of each fore tibia with seven rather acute teeth, between each tooth one or 

two small serrations and a few long slender hairs which do not obscure teeth. 

Inner edge of middle and hind tibiae at apex each with a small, smooth, 

shiny, glabrous area, which may be an indication of a similar but larger 

modification or even spatulate tibiae in the male. Entire undersurface, coxae, 

and inner edge of legs with sparse, long, fine white hairs. 

Fore coxae separated by twice the distance of the middle coxae. Pos- 

terior margin of the first abdominal segment obtusely triangularly emargi- 

nate medially. Last abdominal segment elongate, rounded at apex, slightly 

convex longitudinally, especially apically. Surface of last abdominal seg- 

ment with fine whitish hairs, only one scale and numerous plumose setae, 
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those along base broad and sealelike, those along margin and at apex, long 

and hair-like with fewer branches. Plumose setae also numerous on the 

penultimate segment of the abdomen, the middle and hind coxae, the meso- 

sternum, between the fore coxae and on the entire undersurface of the beak. 

No males of this species were seen. 

Holotype, female, Huachuea Mts., Cochise County, Arizona, Miller Can- 

yon, 6000 ft., August 5, 1952, H. B. Leech & J. W. Green (CAS). Paratypes, 

10 females, as follows: ARIZONA: 5 females, same data as holotype; 1 fe- 

male, Ramsey Canyon, Huachuea Mts., August 11, 1955, G. Butler & Z. Noon, 

Quercus hypoleucoides; 1 female, Southwest Research Station, Portal, July 

4, 1956, oak, H. & A. Howden. MEXICO: 1 female, Sierra Chsrueco, Rio 

Mayo, Sonora, July 21, 1935, H.S. Gentry, in Van Dyke Collection; 1 female, 

22 miles S. of Minaea, Chihuahua, August 23, 1950, Ray F. Smith; 1 female, 

Palos Colorados, Durango, 8000 ft., August 5, 1947, D. Rockefeller Expe- 

dition, Michener. 

Paratypes are in the following collections: AMNH, CAS, UA, USNM, 

Howden. 

The ten paratypes are quite uniform although collected from several dif- 

ferent mountain ranges. Leneth varies from 4.1 to 5.3 mm. and width from 

1.6 to 2.2mm. The median dark vittae of the thorax are always present. The 

oblique fasciae of the elytra are sometimes more pronounced (particularly 

in the Mexican specimens) than in the type but are usually indistinct. 

There are often even fewer setae on the flat intervals of the elytra than in the 

holotype. The tuft of four setae at the base of the fifth interval is always 

present although the number of setae is sometimes reduced through abrasion. 

Pandeleteius plumosiventris is quite distinct by three major characters 

which oceur in no other United States species of Pandeleteius : its abundance 

of plumose setae, cluster of four erect setae at the base of the fifth interval, 

and alternately convex-setate elytral intervals. The slightly raised intervals 

of P. subtropicus are interrupted, not as conspicuously convex as in P. plumo- 

siventris and all intervals have a few setae. Although very different in 

habitus, the head, beak, and scrobe of P. plumosiventris most resemble those 

of P. robustus among the United States forms of Pandeleteius. It is also 

related to P. robustus by the latter’s rudimentary tuft of setae and smooth 

area on the female hind tibiae. 

Three Mexican paratypes from Sonora, Chihuahua, and Durango, indi- 

eate that P. plumosiventris is wide-spread, if not common, in Mexico. Two 

Arizona specimens were collected on oak; otherwise, there are no biological 

data. The altitudes at which the specimens were collected vary from 4500 

to 8000 feet. 

Several specimens (all females) of a Mexican form of Pandeletevus were 

examined which were more closely related to P. plumosiventris than any 
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species in the United States fauna. This species bears the characteristic 

tuft of setae at the base of the fifth interval and kas similar reticulate seales. 

However, it is quite distinct by its rufous metallic color, parallel-sided flat- 

tened elytra, evenly raised elytral intervals, and narrow setae. 

Pandeleteius hilaris (Herbst). 

(Plate 2, fig. 7.) 

Curculio hilaris HERBst, 1797, p. 58, Table 100, figs. 7 and 8. 

Hadromerus hilaris Say, 1831, p. 10. 

Pandeleteius pauperculus GYLLENHAL (in Schonherr), 1834, p. 130. 

Pandeleteius hilaris LuConte, 1859, p. 270. Horn (in LeConte and Horn), 1876, p. 86. 

BLATCHLEY and LENG, 1916, p. 120. 

Color ferrugineus (teneral specimens) to cinereus and fuscous. Color 

pattern absent to very distinct with all degrees of expression of each part. 

Maximum expression as follows: white triangle on vertex, white vitta on 

thorax each side of midline roughly parallel to shape of thorax, broad whitish 

vitta on sides of thorax, black on raised basal portion of third and fourth 

elytral intervals, white on basal fourth of fifth interval, oblique white fascia 

about middle of elytra often bordered with black, common oblique white 

fascia Just above declivity bordered with black anteriorly, deflected sides 

and apex of elytra with many white scales sometimes coalescing with 

the two fasciae. Undersurface light. Legs indistinctly broadly annulate. 

Seales usually not contiguous; trapeziform or polygonal. Seales with 

or without fine margins and coarsely granular, sometimes nearly reticulate 

by coalescing of granulations into brief lines and occasionally with a small 

central tubercle (especially on the middle of the thorax and along the 

elytral suture). 

Beak with sides slightly convergent, flat to strongly convex each side 

of deeply impressed median line which extends from between eyes to very 

near tip. Median line often carinate to tip when impressed line is not com- 

plete. Beak with scattered deep punctures. Tip of beak gently to abruptly 

deflected downward from apex of scrobes. Apical emargination shallow to 

moderate, triangular, carinate. Epistoma with anterior margin triangularly 

produced, extending outward to near outer edge of mandibles, often with 

vague median ridge from base to apex. Epistoma ferrugineus, surface gran- 

ular to rugulose, shining. Scrobes cavernous at origin, deep throughout, 

arcuate, nearly reaching ventral surface of beak beneath front margin of 

eyes. First two funicular segments subequal, segments three to seven monili- 

form, becoming cubical distally. Eyes small, hemispherical, always extend- 

ing well beyond sides of head when viewed from above. 

Thorax most commonly longer than broad or as long as broad, but four 
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specimens (all females) from the East Coast and Texas were seen in which 

it was dinstinetly broader than long. Sides of thorax evenly arcuate, broad- 

est behind middle, basal and apical constrictions moderately strong. Surface 

foveate-punctate except apicad of apical constriction; a conspicuous re- 

curved seta arises from the posterior margin of each puncture and is directed 

toward middle of apical margin of thorax. 

Elytra with humeri prominent; thorax much narrower than elytra meas- 

ured across humeri. Sides of elytra parallel to moderately divergent to 

middle, thence gently rounded to apex. In lateral view body behind pro- 

thorax of equal thickness, sometimes slightly thicker above first two ab- 

dominal segments in females. Bases of third and fourth intervals raised. 

Elytra with sides slightly inflated and convex from behind humeri and 

raised basal portions of third and fourth intervals, giving a characteristic 

appearance of an obsolete constriction most noticeable in females. Elytral 

striae appearing quite variable, shallowly striate-punctate to deeply pune- 

tate, the variation often being the effect of the vestiture and dirt particles 

obscuring the sculpture. Intervals convex; alternate intervals slightly 

broader and sometimes raised; each interval with a row of decumbent setae. 

Fore legs moderately enlarged; femora gently bowed. Fore tibiae nearly 

straight, of even thickness throughout, curved inward at apical fourth. 

Inner edge of each fore tibia with 7 to 14 small equal teeth, sometimes with 

minute teeth interspersed between them; dense hairs sometimes obscure 

teeth. Hind and, to a lesser extent, middle tibiae each with small elongate 

area along inner edge at apex without scales, slightly flattened and densely 

hairy. This slight modification is present in both sexes but more conspicuous 

in males. 

Males: Length 3.2 to 4.9 mm., width 1.2 to 1.9 mm. Last abdominal seg- 

ment slightly convex, apex truncate to feebly emarginate, margin absent 

at apex. Posterior margin of first abdominal segment straight or indented, 

often slightly concave. Aedeagus (plate 2, fig. 7) slender, arcuate, apex 

with thin projection obliquely truncate. 

Females: Length 3.9 to 5.6 mm., width 1.5 to 2.8 mm. Last abdominal 

segment completely margined, with groove parallel to margin originating in 

fovea each side of middle at base; groove sometimes obsolete at apex, apex 

broadly rounded to subtruneate. Last segment hairy, rugulose around mar- 

gin, especially apically. Posterior margin of first abdominal segment in- 

dented medially. 

The type of Pandeleteius hilaris is probably in the Herbst collection 

which is in the Zoologische Museum, Berlin. The Schonherr collection is in 

the Naturhistoriske Riksmuseum, Stockholm, and the Gyllenhal collection 

is in the Zoological Institute, University of Uppsala. 

This most widespread species of Pandeleteius was designated by Schon- 
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herr as the type of the genus. About 500 specimens of P. hilaris were ex- 

amined. It is quite common in the eastern United States from New Hamp- 

shire to central Florida and gradually diminishes in numbers west of the 

Mississippi River, western-most records being Macdona, Bastrop, and Paris, 

Texas; Norman, Oklahoma; Hope, Hot Springs, and Favetteville, Arkansas; 

“Mo.,” and Iowa City, Iowa. Canadian records include many locations in 

southern Ontario (Marmora being the northernmost record) and one record 

of ‘“Manitoba.”” The latter record is dubious. The range of P. hilaris, then 

can be roughly defined as south of the 45° latitude and east of 98° longitude. 

Specimens from peninsular Florida, Georgia, South Carolina, and North 

Carolina often have a lighter, more pronounced color pattern, patches of 

black scales outlining the white markings. This is not constant, however, 

and occasional specimens from the entire East Coast exhibit the same vivid 

colors. 

Oak is the most common host of P. hilaris. A few specimens were seen 

with labels of hickory and of chestnut leaves (Castanea dentata and C. 

pumila). The geographical range of these species of Castanea is identical 

to the range of P. hilaris, although C. dentata is now nearly extinct. Blateh- 

ley and Leng (1916, p. 120) also list beech, smart-weed, and Ceanothus as 

“hosts.” 

Although P. hilaris is a quite variable species, it may always be distin- 

guished from other North American species by its epistoma triangularly 

produced over the mandibles and with a median ridge; serobes long and 

arcuate; fore tibiae with numerous small teeth and elytra faintly constricted 

behind humeri. Its range overlaps only that of P. cinereus in eastern Texas. 

Pandeleteius dentipes Pierce. 

(Plate 2, figs. 1, 10.) 

Pandeleteius dentipes PIERCE, 1918, p. 403. 

Color and markings like those of P. hilaris. Maximum expression of color 

pattern as follows: white “V” on vertex extending to apical constriction of 

thorax; obsolete thoracic vittae, white spot at base of thorax on either side 

of midline which may or may not be connected with apical markings by 

vague arcuate vittae; elytra with humeri white, an irregular patch of white 

on middle of disc, and a common irregular white patch on declivity. Legs 

indistinctly annulate. Seales like those of P. hilaris. Setae of dorsal surface 

very slender, long, nearly decumbent. 

Beak similar to that of P. hilaris, dorsal surface narrowed anteriorly, 

apex deflected. Median line deeply impressed from between eyes to inser- 

tion of antennae; dorsal surface convex on each side of median line and 

with or without broad obsolete depression before eyes. Scrobes and pregenae 
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visible from above. Apex of beak triangularly emarginate. Epistoma with 

anterior margin obtusely triangularly produced, irregular. Scrobe long, 

variable; lower margin arcuate; upper margin evenly arcuate or obtusely 

angular before descending obliquely. Eyes prominent. 

Thorax longer than broad, basal and apical constrictions moderately 

strong. Dise evenly foveate-punctate; impunctate above apical constriction. 

Elytra roughly 1.8 to 1.9 times length of thorax in males, 1.9 to 2.1 

times length of thorax in females. Humeri very narrow and inconspicuous. 

Elytra across humeri no wider than thorax in males, slightly wider than 

thorax in females. Sides of elytra divergent to middle thence narrowed to 

apex; elytra of males subeylindrical. Elytra of females much broader and 

flatter than those of males. Intervals slightly convex, much more convex at 

base. Striae of small punctures. Third and fourth intervals not prominent 

at base, fifth interval not prominent at its termination. Deelivity nearly 

vertical, arcuate at its crest. 

Fore legs moderately enlarged. Fore tibiae (plate 2, fig. 1) distinctly 

sinuate on inner edge, widest at middle. Inner edge of each fore tibia with 

8 to 14 teeth with interspersed denticles; teeth largest at middle, diminish- 

ing in size toward either end. Hind and, to a lesser extent, middle tibiae 

each with a broad, apical, scaleless, and flattened area on inner surface; 

inner edges of tibiae finely serrate. 

Males: Length 4.2 to 4.6 mm., width 1.4 to 1.7 mm. Fore and middle 

coxae equidistant, very narrowly separated. Last abdominal segment nearly 

flat, truncate to broadly, shallowly emarginate at apex. Aedeagus (plate 2, 

fig. 10) most like that of P. hilaris but much larger, the asymmetry of the tip 

more pronounced, slightly turned up. 

Females: Length 4.6 to 5.7 mm., width 1.9 to 2.3 mm. Fore coxae slightly 

more widely separated than middle coxae; both coxae more widely separated 

than in male. Last abdominal segment slightly convex medially, broadly 

flattened marginally on either side of base, a shallow groove parallel to 

margin. 

The type and paratype of P. dentipes are in the United States National 

Museum. 

The known range of P. dentipes is between those of the closely related 

P. hilaris and P. defectus: south-central to western Texas. The eight speci- 

mens examined (four of each sex, including one male paratype) were from 

Kerrville; Morris Ranch in Gillespie County; Conean and Sabinal in Uvalde 

County; and Mariscal and the Chisos Mountains in Brewster County. The 

apparent rarity of this species and its spanning of an area which supports 

no other Pandeleteius tempts one to speculate on its biology. None of the 

specimens bear biological data; specimens were collected in May, June, and 

July. 
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Pandeleteius dentipes is quite closely related to P. hilaris but is imme- 

diately distinguishable by the sinuate inner edge of the fore tibia and the 

very narrow humeri. 

Pandeleteius defectus Green. 

(Plate 2, fig. 3.) 

Pandeleteius defectus GREEN, 1920, pp. 196-197. 

Pandeletetus defectus Green was described from a single specimen bear- 

ing the following data: “Chisos Mts., Tex., July 22, J. W. Green Collector.” 

A specimen bearing identical labels to the type was the only other specimen 

seen from the type locality; both the type and topotype are in the California 

Academy of Sciences collection. 

Both specimens are fresh females and very close except that the topotype 

has seven- instead of the six-segmented antennae of the type. In view of 

their similarity and the fact that at least one other species of Pandeleteius 

has a variable number of antennal segments (see discussion of P. rotundi- 

collis), six-segmented antennae do not constitute a valid specific character, 

and these two specimens are considered to belong to the same species. 

The following characterization of P. defectus is based on the type and 

topotype. 

General size and shape of P. hilaris, but body is flattened and thinner be- 

hind the humeri than in female of P. hilarzs. Both specimens are callow and 

so are light brown in color. The markings are composed of dark brown, 

light brown, and white scales as follows: white “V” on vertex continuing 

to apical constriction of prothorax; sides of prothorax light; epipleurae of 

elytra broadly white extending over humeri to base of fourth interval and 

extending again in broad diagonal fasciae just before middle and on de- 

elivity; bases of third and fourth intervals fuscous, broad fuscous patches 

in erotches of fasciae; remainder of dise with scattered small patches of 

lighter or darker scales. 

Seales granular, flattened, usually with indistinct central pustule; not 

quite contiguous and margined on head and thorax; contiguous and mostly 

margined on elytra in topotype; neither margined nor contiguous on elytra 

in type. 

Beak size and shape of that of P. hilaris. Median line deeply impressed 

from between middle of eyes to apical third. Emargination at apex of beak 

very obtusely triangular; apical margin of beak carinate, oblique. Epistoma 

very broad at base, its anterior margin very obtusely triangular with apex 

rounded (type) or broadly rounded (topotype), reaching about three- 

fourths to outer edge of mandibles. Serobe of type short, broad, arcuate. 



Vou. XXIX] HOWDEN: PANDELETEIUS AND PANDELETEINUS 409 

ending near lower margin of eyes; scrobe of topotype more angular. Eyes 

moderately prominent as in P. hilaris females. 

Thorax slightly longer than wide, shape of that of P. hilaris. Sides gently 

arcuate, broadest just behind middle, constrictions moderate. Thorax 

sparsely, shallowly punctate below apical constriction, becoming impunctate 

above constriction; short impunctate area medially; as in P. hilaris, a seta 

at posterior margin of each puncture recurved and directed toward middle 

of apical margin of thorax. 

Elytra approximately 2.5 times the length of thorax measured medially. 

Elytra with humeri prominent, basal portions of third and fourth intervals 

slightly raised; the obsolete transverse depression across elytra below humeri 

present, but slightly less apparent than in P. hilaris. Sides of elytra slightly 

divergent to middle, thence gradually rounded to form weak declivity. 

Elytral intervals nearly flat, alternate intervals shghtly wider, not con- 

spicuously raised. Each interval with a single row of setae, wider intervals 

with slightly more setae. Striae of small punctures separated by more than 

their length, each puncture containing a minute seta. 

Fore legs moderately enlarged. Fore femora bowed. Fore tibiae (plate 

2, fig. 3) of equal thickness throughout, bent shghtly inward at apical and 

basal fourths; inner straight edge of each with four to six widely separated 

unequal teeth, an occasional serration or denticle between the teeth; teeth 

not obscured by hairs as is often the case in P. hilaris; inner edge serrate 

distad of the last tooth and with an apical tooth the size of the median teeth. 

Fore coxae separated by almost twice the distance of the middle coxae. 

Posterior margin of first abdominal segment medially indented and de- 

pressed. Last abdominal segment distinctly, longitudinally convex medially 

to apex; with an oblique linear depression on each side at base equidistant 

between middle and sides; without the groove parallel to the margin found 

in P. hilaris; numerous fine setae over entire segment. 

Length 4.4 to 4.6 mm., width 1.7 to 1.8 mm. 

Occasional specimens similar to P. defectus occur in New Mexico, Arizona, 

California, Utah, and Colorado. These specimens apparently actually belong 

to P. defectus, but differ from the Chisos Mountains specimens and are much 

more distinct from P. hilaris. Like the Chisos material, they are all fe- 

males. Since they show some distinctions and occur over a wide range, they 

are referred to here as the northern population and a description comparing 

them to the type follows. 

Length varies from 4.3 to 5.7 mm. and width from 1.7 to 2.1 mm. Color 

darker, more gray. Color pattern essentially the same as type, but seldom 

as distinet. Seales usually not contiguous, without margins or central pus- 

tules, but heht seales, on the sides of thorax and humeri especially, some- 

times indistinctly margined. Scales often slightly convex on elytra, more 
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convex and more often pustulate on thorax along median line and on head. 

Beak as in the Chisos specimens, but apical emargination is often more 

rounded. Epistoma with apical margin and length variable, but always 

broad at the base. Scrobe much more angular than in Chisos specimens, 

deep anteriorly, very broad but shallower medially. Anterior margin of 

serobe abruptly arcuate; posterior margin nearly right-angled, passing very 

close to eyes, disappearing just before reaching ventral surface of beak. 

Thorax often broader than long and in two specimens slightly longer 

than broad. Elytra thicker dorso-ventrally, as in the female of P. hilaris. 

Fore tibiae (plate 2, fig. 7) not always bent basally, with four to seven teeth 

which are usually equidistant. 

Fore coxae slightly more widely separated. Last abdominal segment less 

convex apically, slightly shorter, and often with a suggestion of the groove 

parallel to the margin found in P. hilarvs. 

It is possible that this northern population is a different subspecies from 

the Chisos specimens. It differs in several important characters, i.e., the 

seales, scrobes, last abdominal segment, and thickness of body. The two 

populations are separated by a wide distance, the closest specimens seen of 

the two populations being from the Magdalena Mountains of central New 

Mexico, and the Chisos Mountains of Texas. This particular area is often 

the dividing line between two groups. The single specimen from the Magda- 

lena Mountains is typical of the major population except in the thinness of 

its body, distinct color pattern and more convex last abdominal segment 

which characters are more like those of the Chisos specimens. Is this speci- 

men an intergrade between two subspecies? Specimens from ‘“‘Porvenir,’”” 

New Mexico, are likewise a little atypical of the northern population in that 

the teeth of the tibiae are smaller than usual and the serobe is less angular in 

one specimen. Otherwise, specimens from the next closest place, Jemez 

Mountains and Las Vegas, northern New Mexico, are completely typical 

of the northern population. No specimens were seen from the popular col- 

lecting places of Clouderoft, New Mexico, or the Davis Mountains, Texas; 

if the species occurs there, the specimens might help define the status of the 

populations. On the other hand, the absence of such specimens may indicate 

that the species does not occur there, that this area of southern New Mexico 

and western Texas is a geographic barrier, and that therefore the two popu- 

lations are actually distinct. 

The range of this northern population of P. defectus includes northern 

New Mexico, northern Arizona, Colorado, Utah, “Geysers,” California, and 

“S. Cal.” The only host record was a label reading “Quercus Gambelu,” a 

common species of oak found at higher elevations in the area inhabited by 

P. defectus. Specimens were collected in May through October. 

2 Porvenir, New Mexico, is unknown to the author. If these specimens were mistakenly labelled New 
Mexico for Porvenir, Texas, it would explain their similarity to the Chisos specimens. 
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The absence of males among the specimens examined would seem to 

indicate either a parthenogenetic species or one in which the males were very 

elusive or rare. A series of 38 specimens was examined; they were collected 

over a period of 72 years, although the majority bear the date 1879. 

This species is very close to Pandeleteius hilaris but may always be dis- 

tinguished from it by the following characters: epistoma broader with its 

apical margin rounded or obtusely triangular; serobes nearly right-angled, 

broad medially and descending nearly vertically close to the eyes; thoracic 

punctures shallower; fore tibiae each with four to seven widely separated 

conspicuous teeth with very few or no serrations between the teeth; fore 

coxae separated by twice the distance of the middle coxae; last abdominal 

segment of female slightly more elongate, more convex and with groove 

parallel to margin obsolete. 

The range of P. defectus is well separated from P. hilaris, the closest 

specimens being P. defectus from the Chisos Mountains in western Texas and 

P. hilaris from Macdona near San Antonio in south-central Texas, the inter- 

vening area being largely desert and not apt to support Pandeletevus. 

Pandeleteius attenuatus Howden, new species. 

(Plate 2; fiz. 13.) 

Houotyre: Male, length 3.9 mm., width 1.4 mm. 

Color fuscous-ferrugineus marked with white, cinereus, light brown, and 

piceous scales. Antennae and tarsi ferrugineus, antennal club piceous. Ver- 

tex with a broad “V” of cinereus scales. Thorax indistinctly marked with 

white on sides, on median line before apical constriction and obliquely on 

the apical constriction, a continuation of the “V” of vertex. Elytra with 

an elongate white spot before middle more or less surrounded by piceous 

scales, these piceous scales continuing to form an oblique fascia on apical 

third. Other elytral markings indistinct, but bases of first four intervals 

brown, bases of fifth and sixth intervals cinereus, and a cinereus oblique 

fascia below apical third. Legs mottled. 

Seales granular, thin margins complete or present posteriorly only; nu- 

merous shapes but usually angular and not rounded; seldom contiguous. 

Entire dorsal surface set with long, slender recurved setae. Setae of various 

colors—white, tan, piceous, sometimes the same color as the scales beneath 

them, sometimes of strongly contrasting color. 

Beak short, dorsum narrow with sides parallel so that scrobes and genae 

are broadly visible dorsally. Frons somewhat transversely prominent be- 

tween eyes. Median line impressed from between eyes to apical third where 

the impression ends in a slightly foveate depression. Beak slightly convex 

on each side of median line, with sides rounded. Seales descending to apical 
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margin of beak. Beak deflected at apex as in P. hilaris; apex broadly, shal- 

lowly, arcuately emarginate, the emargination nearly vertical. Mandibles 

very short, i.e., when closed, protruding apically only a short distance. 

Epistoma very short, extending only slightly beyond apex of beak, broadly 

truneate apically. Serobe sharply bent at middle, slightly broader medially, 

posterior margin passing close to eye, vanishing abruptly about half way to 

ventral surface of beak. First segment of funicle equal to second and third 

combined; segments four to seven stout; antennal club pointed elliptical. 

Eyes small, round, slightly prominent, scarcely protruding beyond sides of 

head when viewed from above. 

Thorax distinctly longer than broad; constrictions moderate, sides ar- 

cuate. Dise flattened except for indistinctly tumid median line which extends 

from apical constriction half way to base. Punctures moderate, slightly 

shallower and more numerous than in P. hilaris. 

Elytra in profile quite thin and flat, very gently sloping downward 

apically, with declivity obsolescent; this profile is quite distinctive. Elytra 

2.15 times length of thorax. Elytra with humeri prominent; bases of second, 

third, and fourth intervals conjointly tumescent; sides subparallel. Striae 

fine with elongate shallow punctures; intervals nearly flat. Intervals with 

a single row of recurved nearly decumbent setae; intervals three and five 

with a few extra setae. Fifth interval not prominent at its termination. 

Fore legs moderately elongate. Fore femora bowed. Fore tibiae very 

slightly bowed, bent inward at apical sixth, and of about equal thickness 

throughout. Inner straight edge of fore tibiae without any teeth or serra- 

tions; about seven small serrations on bent apical sixth, these obscured by 

hairs. Inner surface of hind and middle tibiae each with a very small, apical 

glabrous flattened area; inner edges of tibiae rough to serrate. 

Fore and middle coxae separated by about the same distance—very nar- 

rowly separated. Posterior margin of first abdominal segment shallowly 

indented medially. Last ventral abdominal segment slightly convex trans- 

versely, apex broadly truneate, slightly deflected; with many rounded opal- 

escent scales and fine white hairs. 

Aedeagus (plate 2, fig. 18) with dorsal surface strongly arcuate, ventral 

surface sinuate in profile; thin apical projection long and with sides slightly 

convergent. 

ALLoTYPE: Female, length 5.2 mm., width 2.0 mm. 

Color pattern obsolete, surface lightly mottled fuscous. Scales more 

often contiguous with posterior margins raised, on many of the lighter scales 

particularly, simulating imbrication. Serobes broader at end than in holo- 

type. Thoracic punctures deeper than in holotype. Elytra 2.35 times length 

of thorax. Elytra decidedly broader medially, sides gently convergent from 
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middle to apex, the declivity even less evident than in holotype. Dorsally 

and in lateral profile the flattened, apically “attenuated” habitus of the 

elytra more pronounced. Fore tibiae bent inward at apical fourth; inner 

edge rough, but not serrate. Fore coxae more widely separated than middle 

coxae, both coxae more widely separated than the same coxae in holotype. 

Emargination of posterior margin of first abdominal segment broader and 

a little deeper than in holotype. 

Last abdominal segment rounded at apex; dise very slightly convex; 

broadly flattened around margin; without scales but with many fine white 

hairs. 

Holotype, male, Nogales, Arizona, April, 1897, Koebele (CAS). Allotype, 

female, same data as holotype (CAS). Paratypes: 51 males, 67 females, as 

follows: ARIZONA: 29 males, 41 females, same data as holotype; 1 male, 

Bear Canyon, Mt. Lemmon, May 19, 1953, A. & H. Dietrich; 1 female, Mo- 

lino Basin, Mt. Lemmon, May 19, 1953, A. & H. Dietrich; 1 male, 2 females, 

Santa Rita Mts., May 6, May 12, May 27, Hubbard & Schwarz; 5 males, 

4 females, Madera Canyon, Santa Rita Mts., October 18, 25, 1936, KE. P. Van 

Duzee; 1 female, Sabino Basin, Santa Catalina Mts., September 2, C. H. 

Townsend; 1 male, 4 females, Prescott, June 17, 19, 20, Barber & Sehwarz; 

2 males, 1 female, Altar Valley, October 17, 1937, Oman; 1 female, Pinal 

Mts., 5000 ft., April, 1925, Edith W. Mank Collection; 1 female, Chiricahua 

Mts., June 2, Hubbard & Schwarz, #1528; 1 female, Chiricahua Mts., June 

4, 1908, Van Dyke Collection; 1 female, Chiricahtia Mts., 45-6000 ft., October 

7, 1927, Tex Canyon, Cochise County, J. A. Kusche; 1 male, Southwest Re- 

search Station, Chiricahua Mts., September 26, 1956, A. M. Nadler; 6 males, 

6 females, Southwest Research Station, Chiricahua Mts., September 30, 

1956, L. J. Bottimer, on oak; 1 female, Cave Creek, Chiricahua Mts., July 

4, 1930, J. O. Martin; 1 male, Palmerlee, Banks Collection; 1 male, Carr 

Canyon, Huachuea Mts., September 28, 1956, L. J. Bottimer, on oak; 1 

female, Miller Canyon, Huachuca Mts., May 12, 1932, J. O. Martin; 1 male, 

1 female, Huachuea Mts., Brooklyn Museum Collection, 1929; 1 male, Miller 

Canyon, Huachuca Mts., July 25, 1907, H. A. Kaeber. NEW MEXICO: 1 

male, Post Office Canyon, Peloncillo Mts., September 25, 1956, L. J. Botti- 

mer, on Quercus emoryi. 

Paratypes are in the following collections: AMNH, CAS, CNC, CU, 

INHS, MCZ, OSU, USNM, UA, Bottimer, Howden, Sleeper. 

Male paratypes vary in length from 3.5 to 4.7 mm. and in width from 

1.3 to 1.9 mm.; females vary in length from 3.8 to 5.4 mm. and in width 

from 1.4 to 2.2 mm. Males average 3.8 mm. lone; females average 4.8 mm. 

long. The color of P. attenuatus varies considerably from piceous with in- 

distinet lighter mottling to completely pale cinereus with only the black 

markings described for the type. The markings most commonly found are: 
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white “V” on vertex, pale tumescence of thorax, broadly obliquely pale apex 

of thorax, dark area around scutellum, dark spot on elytra before middle, 

dark oblique band behind middle forming a ““V” when it reaches suture, 

epipleura and apex of elytra broadly pale. Scales (especially pale ones) 

on the elytra often simulate imbrication with raised posterior margins and 

posteriorly pointed shapes; scales sometimes with a faint median pustule. 

The beak varies little, but the impressed median line is absent in a very few 

of the paratypes, and in these specimens there still remains the inter-anten- 

nal foveate depression. The mandibles and epistoma are very short in all 

specimens, but the anterior margin of the epistoma varies in shape (as in 

all species where it is produced over the mandibles and is subject to abrasion) 

from broadly truneate to lightly sinuate to shghtly arcuate. The thorax 

is distinetly longer than broad, but the constrictions vary from moderate 

to strong, always strong dorsally. The slightly tumescent median line of 

the thorax is quite constant, although never pronounced; the scales on the 

tumescence are usually smaller and pustulate. In lateral profile the elytra 

and body beneath are always thicker at the base, gradually thinning toward 

apex, presenting a thin drawn-out habitus. The elytra of females when 

viewed dorsally are slightly produced apically. The fore tibiae in a few 

specimens are thinner at the apical curve, never with teeth, with five to 

eight small serrations on apical inner curved edge. The last abdominal 

segment of the female is sometimes nearly truneate at the apex but always 

with its margin broadly flattened which helps distinguish it from the male. 

This is a quite distinet species among North American Pandeleteius. Its 

beak places it in with the P. hilaris group; its strongly constricted thorax 

approaches that of P. rotundicollis. The complete lack of teeth on the fore 

tibiae and the flattened elytra which give the beetle its “attenuated” habitus 

(hence its name) are unique among North American species of Pandeletevus. 

Also characteristic are the very short mandibles, very short and broad, obtuse 

epistoma, tumescent midline of the thorax, attenuate apex of male aedeagus, 

and elytra which are widest at middle in females, subparallel in males. Its 

type locality of southeastern Arizona would indicate that it occurs in Mexico 

also, but no specimens were seen from there, and no species in Champion’s 

“Biologia Centrali-Americana” resembles it. 

Pandeleteius rotundicollis ‘all. 

(Plate 2, fig. 16.) 

Pandeletejus rotundicollis FALL, 1907, p. 262. 

Pandeleteius depressus PIERCE, 1913, p. 403. New synonymy. 

Pandeleteius bryanti TANNER, 1954, p. 76. New Synonymy. 

Color dark brown to black, marked with white, testaceous, and piceous 

scales as follows. Thorax usually with a central dark fusiform area; elytra 
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often with apices light and with an oblique light spot on basal third at 

sides. Overall color varies from largely fuscous with distinct markings to 

largely white. 

Seales granular with a pronounced central tubercle; not margined; con- 

tiguous or not. When in large clusters, the white scales often imbricated 

posteriorly. Setae of dorsal surface very fine, recurved, inconspicuous. 

Beak long, rather thin. Sides of head and beak gently convergent from 

base to apex; sides of beak nearly vertical toward apex, so that only the 

basal portion of the scrobes are visible from above and the pregenae are 

visible in front of the eyes. Dorsal surface of beak flattened, quite vari- 

able; usually with a deep fovea between anterior margin of eyes, median line 

vaguely to deeply impressed, basal two-thirds of beak slightly to strongly 

coneave, with a faint transverse ridge across beak between insertion of an- 

tennae. Apex of beak deeply acutely triangularly emarginate. Anterior 

margin of epistoma triangularly emarginate. Serobes long, arcuate in front 

of insertion of antennae, straight behind insertion, descending obliquely 

and reaching undersurface of beak below front margin of eyes. Antennal 

funicle usually six-segmented, but sometimes five- or seven-segmented (see 

discussion following description). Middle segments of funicle moniliform, 

becoming wider than long. 

Thorax wider than long, strongly rounded at sides, broadest near middle. 

Basal and apical constrictions strong laterally, moderate to weak dorsally. 

Dise flattened, with or without vague median line and with scattered deep 

punctures. An oblique depression often faintly visible on dise on each side 

of middle. 

Elytra across humeri 1.1 to 1.3 times length of thorax. Elytra of male 

2.6 to 2.9 times leneth of thorax; elytra of female 3 to 3.5 times length of 

thorax. Humeri prominent. Elytra parallel-sided on basal sixth, inflated 

behind basal sixth, more so in female. Sixth interval prominent at its ter- 

mination below declivity. Striae composed of small elongate punctures. 

Intervals equal, slightly convex with seattered, very inconspicuous setae. 

Fore femora greatly enlarged. Fore femora each with a short obsolete 

olabrous groove on inner edge near apex, marked dorsally by a erescentic 

projected margin. Fore tibiae longer than their femora, inner edge of each 

with five to nine small but conspicuous, blunt, irregularly-spaced teeth; 

scattered minute denticles between teeth. Apical tooth of fore tibiae long 

and acute. All tibiae usually straight, but in a few specimens from Arizona 

and Mexico, the tibiae are gently bowed inward, the reverse direction of the 

bowed tibiae in other species. 

Males: Length 3.6 to 4.5 mm., width 1.4 to 1.9 mm. Last segment of 

abdomen apically deflected and emarginate. Fore and middle coxae nar- 
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rowly and equally separated. Aedeagus (plate 2, fig. 16) in lateral profile 

thick medially, extreme apex upturned; apical opening elongate-oval. 

Females: Length 4.1 to 6.6 mm., width 1.7 to 2.7 mm. Last segment of 

abdomen often slightly directed downward, bluntly rounded apieally, with 

a Shallow dark indentation at the base either side of the midline. Fore 

coxae separated by twice the distance of middle coxae. 

This species was seen from the mountains of south-central Arizona; 

Clouderoft and Las Vegas, New Mexico; the Davis and Chisos mountains of 

western Texas; Tejupileo, Temescaltepec, Mexico; and Gaborachic, and 35 

miles west of Balleza in Chihuahua, Mexico. Over 100 specimens were 

examined. 

Host records include oak, wild walnut, and pine, and many specimens 

were taken by the author at light at the Southwest Research Station in the 

Chiricahuas. Intensive collecting in the Chiricahuas in the summer of 1956 

did not turn up any specimens of P. rotundicollis until after the first shower 

of the rainy season. Three days after the first rain, the first specimen (a 

female) was collected. It still had both mandibular cusps in place and ap- 

peared freshly emerged. 

Pandeleteius rotundicollis is a highly variable species, but may be at 

once distinguished from other species of Pandeletevus in the United States 

by the glabrous groove with projected margin on the fore femora; usually 

six-segmented funicle, greatly enlarged fore legs, tuberculate scales, and 

short thorax with strongly constricted sides and flattened dise. 

The funicle of P. rotundicollis is usually six-segmented, but specimens 

were seen with seven- and five-segmented funicles. In a series of 19 speci- 

mens (all females) in the United States National Museum collection and all 

bearing the label “Chiricahua Mts.,” June 1 to 7, seven specimens have seven- 

segmented funicles, nine have six-segmented funicles, two have an inter- 
mediate condition in which the third and fourth segments appear fused, 

and one specimen has a six-segmented funicle on the right side and a five- 

segmented funicle on the left side. Pierce’s type material of P. depressus is 

from this series, but only five of his paratypes were seen. Of the five para- 

types, three have seven-segmented funicles, one has a six-segmented funicle 
and one is “intermediate.” All the specimens of the series are uniformly 

large with many pale scales, but no characters could be found that distin- 

euish seven-segmented specimens (P. depressus) from others. 

Another female with one five-segmented funicle and one six-segmented 

funicle was collected by the author at the Southwest Research Station in 

the Chiricahua Mountains in 1956. Of the nine Mexican specimens examined, 

seven have seven-segmented funicles, one has the intermediate condition, 

and one has six-segmented funicles. 

Two paratypes and 10 topotypes of P. bryanti Tanner were studied and 
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compared with large series of P. rotundicollis, including two topotypes of 

the latter. The two paratypes (one male, one female) of P. bryanti (Ft. 

Davis, Texas) and the two topotypes (males) of P. rotundicollis (Clouderoft, 

New Mexico) were compared with particular reference to the distinguishing 

characters listed for P. bryanti with the following results. One paratype is 

smaller, one larger than the specimens of P. rotundicollis. Each species is 

represented by one specimen with a flattened beak and one specimen with 

the concavity quite pronounced. Segments three to five of the funicle are 

equally moniliform, prothorax equally dilated, thoracic punctures deeper 

in P. bryanti, prothoracie tibiae equally bent at apex; tarsi, claws and femora 

similar; scales not fewer nor “less compact’’; color brown in all four speci- 

mens; seale pattern as distinct as in P. rotundicollis. In view of the above 

comparisons, P. bryanti is here considered a synonym of P. rotundicollis. 

Pandeleteius longicollis Champion. 

Pandeleteius longicollis CHAMPION, 1911, p. 206. 

Until Champion’s cotypes of P. longicollis can be examined, the following 

species can be only tentatively referred to P. longicollis. 

Overall color gray to beige; in teneral specimens, the ferrugineus color 

showing between the scales presenting a beige color; in older specimens, the 

darker brown color of the insect giving a more cinereus color. A few obscure 

markings of brown seales consisting of a median vitta on thorax and several 

to numerous small irregular spots on dise of elytra. 

Seales oyster white and usually contiguous on the thorax and not con- 

tiguous on the elytra. Seales granular, faintly pustulate, not margined, 

those at the apex of the beak circular, shiny, and opalescent. Scales of under- 

surface shiny and often iridescent. 

Setae of dorsal surface very slender, short, and inconspicuous, somewhat 

more prominent on sutural interval at declivity. 

Beak long, flat; sides parallel and nearly perpendicular so that pregenae 

are only slightly visible from above. Median line impressed from near 

posterior margin of eyes to middle or apical third of beak where it becomes 

eradually carinate, the carina continuous with the carina outlining the 

emargination of the beak. Apical emargination of beak deep, ogival, the 

beak declinate from the base of the epistoma. Epistoma slightly concave, 

anterior margin triangularly emarginate to about middle, surface rugulose. 

Mandibles large, black, with honeycomb sculpture. Serobes long, evenly 

arcuate, approaching lower margin of eyes. Eyes large, oval, obliquely 

truncate ventrally, flattened. 

Thorax subeylindrical, flattened dorsally, one-sixth longer than wide. 

Basal constriction moderate to slight; apical constriction obsolete, laterally 
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as well as dorsally. Sides gently divergent from base to apical third, then 

rounded to constriction. Thoracic punctures moderate to deep, evenly dis- 

tributed, much shallower on apical third. 

Elytra 2.5 to 2.6 times leneth of thorax; elytra across humeri approxi- 

mately 1.3 times width of thorax. Humeri oblique. Sides slightly divergent 

to middle thence gently rounded to apex. Intervals slightly convex; striae 

of small punctures. Sutural interval tumid at declivity, perpendicular for 

about two-fifths of the distance to the apex, thence directed slightly apicad. 

When viewed dorsally apex is scarcely visible beyond swelling. Fifth and 

sixth intervals not at all prominent at their terminations below declivity. 

Fore femora greatly enlarged. Fore tibiae as long as fore femora, slender, 

slightly arcuate. Inner edge of each fore tibia with six to eight blunt teeth 

and numerous small denticles and tubercles. Hind and middle tibiae each 

with narrow strip along inner edge without scales, but with long hairs; 

usually two to four slender dark spines on inner edge. 

Fore coxae separated by slightly more than middle coxae, both coxae 

very close. Last abdominal segment elongate, nearly flat, with obsolete 

depression on either side near margin; apex rounded, completely margined. 

Length of females, 4.5 to 6.6 mm., width 1.6 to 2.4 mm. 

The above description is based on 11 females from the East Coast of 

Texas and Mexico. A male specimen from Jalapa, Mexico, which possibly 

also belongs to P. longicollis, differs from the females in the following re- 

spects. Length 4.2 mm., width 1.4 mm. Elytra 2.4 times length of thorax; 

sides of elytra less divergent. Elytral declivity rounded at crest and oblique. 

Fore and middle coxae more narrowly separated. Last abdominal segment 

flattened with apex slightly deflected, truncate, not margined. Aedeagus 

long, trough-like, orifice at basal two-fifths; sides from orifice nearly to 

apex curved over the dorsal surface. 

Specimens of P. longicollis were seen from Brownsville, La Paloma, and 

Lake Corpus Christi in southern Texas; Jalapa, Veracruz; Oaxaca, Oaxaca; 

and Yucatan in Mexico. Champion described the species from two specimens 

(“males?”) from Oaxaca, Mexico. These localities are in a remarkably 

straight line on the East Coast of Texas and Mexico. They were collected 
in March, May, June, July, December, and January. Three specimens in 

the United States National Museum collection were apparently intercepted 

from Mexico at a quarantine station, one on a string bean leaf. 

The specimens of this species which were examined disagree in several 

respects with Champion’s description, but correspond with the major points 

of the description and drawing. The tibiae on all specimens appeared un- 

modified, whereas Champion states that, “Intermediate tibiae hollowed near 

the apex within.” Champion described the antennal club as “large,” and it 

is slightly thicker than the club of P. albisquamis Champion with which he 
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frequently compares P. longicollis, but does not otherwise seem large enough 

to draw attention. 

The major discrepancy is, “Tarsi with the bilobed joint stout.” In the 

specimens examined the third tarsal segment seemed of proportionately nor- 

mal size and was even smaller than in two female cotypes of P. albisquamis 

for which the size is not mentioned. In the largest specimen of P. longicollis 

at hand, the third tarsal segment was equal in size to that of a male cotype 

P. albisquamis. 

The pale, often immaculate color and elongate shape alone are sufficient 

to distinguish this species from other United States Pandeleteius, and when 

the structural characters of the beak, thorax, and elytral declivity particu- 

larly are considered, it is very distinct. 

Pandeleteius longicollis connects the United States species of Pandeletevus 

to the genus Hadromeropsis Pierce, if it does not actually belong in that 

genus itself. Characters common to P. longicollis and Hadromeropsis are: 

beak long and flat dorsally; sides of beak parallel, perpendicular, apex of 

beak and mandibles gently declined from base of emargination, which is 

deep, narrow; scrobes long, arcuate; sides of beak deeply emarginate; thorax 

truneate basally and nearly truneate apically, scarcely produced over head 

and with apical constriction obsolete; fore and middle coxae very narrowly 

separated (in Hadromeropsis opalinus Horn the fore coxae are contiguous) ; 

fore femora greatly enlarged; elytra elongate, scarcely widened posteriorly; 

aedeagus long, flattened dorsally. The generic status of Neotropical species 

in this group is in need of careful consideration. 

Hadromeropsis opalinus Horn 

Hadromeropsis opalinus Horn (in LeConte and Horn), 1876, p. 85. 

Pandeleteius viridissimus VAN Dykk, 1943, p. 108. New synonymy. 

Examination of a female paratype of Pandeleteius viridissimus Van Dyke 

shows that it is actually Hadromeropsis opalinus Horn. 
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TWO NEW SPECIES OF WEST NORTH 

AMERICAN MARINE GASTROPODS 

BY 

RUDOLF STOHLER 

Department of Zoology 

University of California, Berkeley 

Early in April, 1957, two shells were submitted to me for identification, 

one by Mrs. C. D. Jennings of Cardiff by the Sea, and the other by Mrs. 

A. Wolfson of San Diego, California. Information supplied at the time 

indicated that the specimens were taken alive in about 70 feet of water some 

time in December, 1956, at the Coronado Islands by Mr. Cecil D. Jennings. 

It was further stated that they had been heavily encrusted and that each 

of the two ladies had spent several hours cleaning her specimen. 

The two shells undoubtedly belonged to Astraea, and more particularly 

to the subgenus Uvanilla (Keen, 1956), but differed from any of the west- 

coast species known. These facts, together with the information supplied 

by Mr. Jennings to the effect that the two shells were taken less than two 

feet from each other, suggested several problems. In an attempt to solve 

these, a determined effort was made to find the original locality and to 

obtain additional specimens, including some younger stages. This was done 

during the month of July, 1957, in cooperation with Dr. E. W. Fager, 

associate professor of marine biology, Scripps Institution of Oceanography, 

La Jolla, and his close associate, Mr. Ray Ghelardi. The search comprised 

a large number of dives made at a great many stations along the shores of 

[423] 
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the Coronado Islands which lie off the coast of Lower California. The rich 

material obtained included at least one new species of marine gastropod 

and which is deseribed herein, but the sought-for Astraea was not found. 

Through a process of elimination, the log of dives made by Mr. Jennings 

revealed that one additional locality remained to be explored. This was 

situated about eight miles southeast from the south tip of South Coronado 

Island, a place called the “Rockpile” by the divers. This is a submarine 

plateau, reaching up to about 70 feet below sea level at its higher central 

area, sloping more or less gradually down to about 110 or 120 feet below 

sea level at its periphery, and then dropping off rather steeply and sud- 

denly. The plateau is estimated to be about a half mile in diameter. On 

July 26, 1957, six divers on four successive dives explored this area; Dr. 

Fager located the third specimen known (our paratype IT), crawling among 

the rocks at a depth of 110 feet. This animal was heavily encrusted, as 

has been described for the original two (the holotype and paratype I). An 

attempt was made to bring this new specimen back alive to compare it with 

living examples of Astraea undosa (Wood) and to study it in general; it 

was placed, therefore, in a live-bait tank aboard the ship, but for unknown 

reasons did not survive the trip back to base. 

On November 19, 1957, Dr. Fager, with four diving companions, again 

explored the “Rockpile” but limited the search to the higher area of the 

plateau; this time one young and six adult specimens were obtained. Dr. 

Fager brought the adult animals by air to Berkeley on November 22. Im- 

mediately, upon arrival, they were placed in well aerated aquaria; five of 

these animals remained alive for from five weeks to two months (paratypes 

III to VIT, below) while the sixth specimen is still living at the time this 

report is written (January 29, 1958). The young individual was preserved 

and is not included in the type material of the present study. 

The finding of this many individuals, all agreeing very closely, except 

for small individual variations, conclusively demonstrated that the first two 

shells are not just chance variants of Astraea undosa, but constitute some- 

thing different. In comparing the shells and their opercula with the type 

figure of Astraea petrothauma Berry, described in 1940, the possibility arose 

that these shells were living representatives of a species previously known 

only from its fossil record. This was especially true when the operculum 

was compared with figure 3 on plate 25 (Berry, I. c.). While a comparison 

of our shells with that of the paratype of A. petrothauma in the collection 

of the Department of Paleontology at Stanford University seemed to show 

a sufficient number of points of difference between the two, the final decision 

to consider the animals from the “Rockpile”’ as members of a heretofore 

unknown species was arrived at only upon finding still another shell. In 
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August, 1957, Dr. Wheeler North of Seripps Institution of Oceanography, 

with a group of assistants, conducted a survey of the kelp beds off the coast 

of Lower California; at various stations he gathered gastropods for the 

collection of the Department of Zoology in Berkeley. This material finally 

reached me in early January, 1958. Among the various lots was one from 

Sacramento Reef, near Geronimo Island, Lower California, containing a dif- 

ferent form of Astraea, which agrees so completely with Berry’s description, 

figure, and the paratype at Stanford University, that there is little doubt 

about its being properly labeled as A. petrothawma Berry. This specimen 

demonstrated clearly enough the differences existing between Berry’s and 

the new species. 

After the manuscript for this paper was submitted, but before it could 

appear in print, one further living member of Astraea petrothauma Berry 

was found. A SCUBA training class, under the supervision of Mr. Conrad 

Limbaugh, on June 27, 1958, was taken to South Coronado Island. Mr. 

Limbaugh, being aware of my special interest in Astraea, collected 36 young 

animals, all of which proved to belong to Astraea undosa (Wood) except 

for one specimen. The series of A. wndosa obtained will be of great value 

in a planned further study of the entire group of species of this genus 

occurring on the west coast of North America. But of greater immediate 

importance was that other specimen. Unfortunately the animal did not 

survive the trip back to the laboratory, so that still no observations of a 

living representative of this very interesting species could be made. It 

seems, however, to add to the conviction that the specimens from the “Rock- 

pile” are sufficiently different to warrant their being assigned to a new 

species. The reader is referred to table 3 below for the measurements of this 

second specimen of A. petrothawma. 

Astraea (Uvanilla) rupicollina Stohler, new species. 

SHELL: Large, turbinate (fig. 1), not umbilicated, white, covered with 

a brown (Maerz and Paul, plate 14, G6)", lamellose periostracum; whorls 

six, rounded, with two distinct carinae of equal prominence on the body 

whorl, but the upper carina stronger than the peripheral carina on the 

earlier whorls (fig. 2c); 23 nodules each on both carinae on the body whorl, 

the 23 oblique, large ribs above the carinae showing a tendency toward dis- 

solving into separate nodules; base rounded, with three distinct concentric 

corrugations of which the outer is close to the periphery and nearly three 

1 Colors were identified, whenever possible, with the aid of the dictionary of color by Maerz and Paul, 1930, 
and are quoted in a manner which is thought self-explanatory; because of the impossibility of matching colors of 
small parts of the living snail body with the plates, such colors are given subjective names and are not followed by 
references to the dictionary. 
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Fig. 1. Astraea rupicollina, new species. Front view of holotype showing opercu- 

lum withdrawn and in its proper position. 
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Fig. 2. Outlines of the three species of Astraea compared with each other to show 

the relative strength of the carinae and the fact that the nodules may be hollow or 

filled in. a=A. undosa (Wood) with hollow nodes; b=A. petrothauma Berry with 

hollow nodes and equal carinae; c= A. rupicollina, new species, with solid nodes and 

the secondary carina stronger than the primary one. 

times as far distant from the middle corrugation as the latter is from the 

inner corrugation (fig. 3); there is a faintly perceptible trace of a fourth 

corrugation about equidistant between the peripheral and the middle corru- 

gation; the peripheral corrugation shows a tendency toward nodulose sub- 

division; aperture round, outer lip thin, wavy, inner lip heavy, nacreous; 

inside of aperture pearly; inside of nodules on body whorl not hollow (cf. 

figs. 2a to 2c); columella semicircular, accompanied by a semilunar, fairly 

deep depression, the outer boundary of which in the umbilical area flattens 

out into the general callus area, but is produced into a low ridge toward the 

base of the crescent; still further basally is an additional depression, rela- 

tively small and bordered by a heavy, blunt, rounded ridge; a large portion 

of the base is covered with a thin, nacreous, smooth callus which seems to 

continue into an advanced incremental area where the periostracum of the 

shell is dissolved and the fine ribbing of the shell, corresponding to the 

lamellae of the periostracum, is not yet covered with the new callus material, 

giving this area a worn appearance; periostracum apparently worn away 
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Fig. 3. Astraea rupicollina, 

Fig. 4. Astraea rupicollina, new species. Operculum of the holotype. a: outside 

view; b: side view; c: muscle attachment or periostracum side. 
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on the underside of the first seven to eight nodes of the lower carina and on 

the peripheral corrugation immediately adjacent to the eallus. 

OpERCULUM: Heavy, broad-ovate with three spirally curved, prominent 

ribs (fig. 4), bearing fine pustulate rugosities on the outer surface, rapidly 

diminishing in number from the nuclear to the distal end of the ribs and 

lacking completely on the distal five-sixths of the high, median, overhanging 

rib, as well as on the distal half of the next longest (outer) rib, which is much 

lower than the median rib; rugosities on the inner rib almost obsolete on 

the entire length; outer surface of the operculum completely smooth without 

trace of a lip; nuclear area recurved, tinged with brown; otherwise the outer 

surface of the operculum is white, shiny; opercular periostracum limited to 

the flat muscle attachment (inner) side, horny, heavy, sculptured with low, 

flat, spirally curved ribs and transversely curved, somewhat stronger, more 

or less concentric incremental ridges; the spiral ribs are noticeable even in 

the nuclear portion of the operculum; color of the nuclear area reddish brown 

(Maerz & Paul, plate 6, D 12), the distal portion yellow (M. & P., pl. 10, J 1) 

with the ribs and incremental ridges a slate blue (M. & P., pl. 48, C 11) (see 

fig. 5a). 

ANIMAL: Approximately the lower half of the sides of the foot is of a pre- 

dominantly port-wine color (M. & P., pl. 56, J 12), while the upper half is 

close to red brown (M. & P., pl. 7, H 8); epipodial tentacles four, pure white, 

short, triangular, gradually diminishing in size from the anterior to the 

Fig. 5. (a) Operculum of the holotype of Astraea rupicollina, new species, show- 

ing the periostracum. (b) Operculum of Astraea undosa (Wood). 
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Fig. 6. Astraea rupicollina, new species, living animal. Note the four epipodial 

tentacles. (This is a composite picture, carefully superimposing the cleaned holotype 

shell upon the heavily encrusted shell of the still living animal, from which the shape 

and pattern of the soft parts were painted. 

posterior end of the row; mantle fold pure white, rimmed with a narrow, jet 

black margin, which in turn is bordered in the portion lining the aperture 

by a delicate yellow tinge; the mantle fold also surrounds and partly covers 

the operculum when the animal is active, outlining the operculum with the 

jet black margin (see figs. 6 and 7); eyes on prominent, short stalks; tentacles 

slender, pointed, short, about twice as long as the eye stalks. 

Rapuua: Broad, flat, long, with four rows of plates; lateral plates each 

ending in ten short, pointed denticles, median plates in four; a central row of 
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Fig. 7. Same animal as shown in figure 6 withdrawn into its shell; note the black 

mantle rim outlining the operculum. 

simple, curved ridges separates the median plates; lateral plates heavy, den- 

ticles brownish; median plates weaker, denticles lighter brownish; central 

ridges weak, light ivory colored. 

MEASUREMENTS OF THE HOLOTYPE: Greatest height 149 mm.; maximum 

diameter 134 mm.; height of body whorl 64 mm.; maximum diameter of aper- 

ture 71 mm.; angle of divergence 62°; Operculum: greatest length 62.5 mm.; 

greatest width 47.8 mm.; maximum thickness 16.6 mm. 

PaRATYPES: In addition to the holotype, seven shells are hereby designated 

as paratypes I to VII; they include the specimen found by Dr. Fager on July 

28, 1957 (paratype II), and five of those collected on November 19, 1957 

(paratypes III to VII). Not included are the juvenile specimen (although 

some of its characters will be listed for the sake of completeness) and the still 

surviving animal as well as a dead shell found even earlier by Mr. Ray 

Ghelardi at the “Rockpile.”” Paratype I was the second specimen picked up. 

It was collected with the holotype by Cecil D. Jennings some time in De- 

cember, 1956, at what he stated was the same spot as that at which para- 

type II was found. 
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To facilitate comparison, the following table lists essential measurements 

and other observations of the paratypes and of the young animal, and ineludes 

the information already given concerning the holotype. 

TABLE 1 

Comparative data for all the specimens of Astraea rupicollina, new species. 

considered in this study. 

x ~ 
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Paratype 
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|+++++ + 
VII 

Young 

animal 

decollate 

+ /denucleate 

Measurements are to the nearest 14 mm. 

See figure 8 and the explanation of the diagram for the significance of the numbers. 

d = distinct, well-developed. 

PB Wh t= trace. 

5. Relative strength of carinae: no entries in this column since all specimens completely coincide with the 

conditions described for the holotype. 

6. This refers to the tendency of the axial ribs on the whorls to subdivide into nodules; only paratypes VI 

and VII show complete lack of this tendency. 

In general, the paratypes are in excellent agreement with the holotype. 

Principal differences are that erosion of the periostracum, due probably to 

the epizoites, is more pronounced in paratypes IV, VI, and VII. Specimens 

I1Land VI/ are slightly decollate, while all others possess the early (excepting 

the nuclear) whorls, though badly eroded. Only paratype I has four distinct 

corrugations on the base, while paratype VII agrees completely with the 

holotype. The others show only the three corrugations which might be des- 



Vou, XXIX ] STOHLER: TWO NEW SPECIES OF GASTROPODS 433 

ignated as primary, while the faint intercalated fourth corrugation in the 

holotype and in paratype VII might be called secondary. The opercula of 

the paratypes seem to offer no points of difference from the holotype or from 

each other. 

TABLE 2 

Comparative data for 20 shells of Astraea undosa 

cal a 
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1. T =strong trace; t = trace; D = very distinct; d = distinct; —- = absent. 

2. The axially aligned nodes of the whorls show a greater or lesser tendency to form secondary smaller nodes; 
the greatest tendency (i.e. the most distinctly subdivided nodes) are indicated with +++, while the complete 

absence of a subdivision is marked with —; logically ++, and + are intermediates between the two extremes. 

This column refers only to the first node above the carina, these nodes having a tendency to form what may be 

called a secondary carina. 

3. The tendency toward forming subdivisions in addition to those forming the secondary carina is indicated Ly 
a + sign; the — sign indicates that the major nodes show no further subdivision. 
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Tyre Locauity: “Rockpile,” approximately eight miles southeast of the 

southern tip of South Coronado Island, Lower California, Mexico; approxi- 

mately at 32° 17’ 36” North Latitude, 117° 09’ 30” West Longitude; in 70 feet 

of water; bottom: rocks, rockledges. 

The holotype will be deposited in the U. S. National Museum (No. 610, 

331); paratypes will be deposited as follows: Stanford University collection 

(Stanford Univ. Paleo. type collection no. 8644)—paratype I; California 

Academy of Sciences in San Francisco (Calif. Acad. Sci. Dept. Geol. type col- 

lection no. 10471)—paratype II; Academy of Natural Sciences, Philadelphia 

—paratype III; Museum of Comparative Zoology, Harvard University, Cam- 

bridge, Massachusetts—paratype IV; Naturhistorisches Museum, Basel, 

Switzerland—paratype V; British Museum, London—paratype VI; San 

Diego Natural History Society Museum, San Diego—paratype VII. 

The species name is derived from the Latin rupes signifying rock and 

collis meaning hill, this being the nearest possible to a literal translation of 

the local name ‘“‘Rockpile” of the type locality. 

For purposes of comparison a group of 20 shells of Astraea undosa, col- 

lected on July 21, 1957, off La Jolla Point in 60 feet of water, were measured 

and the results entered in table 2. 

Corresponding measurements of the shells of Astraea petrothauma Berry 

are as follows: 

TABLE 3 

Corresponding data for the shells of Astraea petrothauma Berry from Sacramento 

Reef (A) and from South Coronado Island (B) as well as those taken 

from the type figure (C) and the type description (D). 
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34.5 20.5 | 24.5 

40.2 aE 22.2 | 25.6 

39.3 | 49.3 

1. This number is taken from Berry’s description of the holotype and attempts to convey that there are four 
more or less distinct corrugations plus a trace of a fifth one; the relative position of the various corrugations 
within the scheme shown in fig. 8 cannot be determined. 

2. = means that both carinae are equally strong. 

To facilitate comparison of the three species in some particular respect, 

as well as to illustrate the variability within one or the other species in that 

same respect, a scheme was devised. It is noticed in Astraea undosa that the 
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base of the body whorl may have up to six concentric corrugations. Our fig- 

ure 8 represents a diagram in which these six possible corrugations are num- 

bered from 1 to 6. C indicates the carina. 

Fig. 8. Diagrammatic representation of the six possible corrugations on the base 

of Astraea, numbered for convenience of reference. C =the carina. 

In the tables an attempt is made in column 6 to indicate the position of 

the corrugations in each specimen as well as to represent in some manner the 

relative development of each corrugation. If the corrugation is of ordinary 

or average development, it is assigned a “d” but if it is particularly strongly 

developed, that fact is indicated by a “D”; a “t” is meant to convey that there 

is a faint trace of a corrugation discernible, but it may be so faint that only 

tilting the shell back and forth in oblique light will reveal it; ‘‘T”’ on the other 

hand, indicates the presence of a readily recognizable trace. Placing the “t”’ 

between space 4 and 5 in table 1 was to convey the fact that here the trace 

is approximately equidistant between the other two corrugations. 

COMPARISON OF THE THREE LIVING SPECIES OF Astraea: Astraea rupi- 

collina differs from both A. wndosa (Wood) and A. petrothauma Berry by 

being distinetly higher spired, a much smaller angle of divergence, the 

rounder aperture, the marked convexity of the whorls, the rounded base of 
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the body whorl, the number and the arrangement of the corrugations on the 

base of the body whorl, as well as in details of the sculpture. 

Many shells of A. wndosa examined showed that apparently the nodes, 

constituting the carina, are laid down first as completely hollow outpocket- 

ings of the body whorl; if one examines the inside of the body whorl, it 

becomes apparent that the animal seems to fill in these empty pockets with 

nacreous material because, the further inward one proceeds, the less deep 

are the outpocketings and about one and a half inches from the aperture, 

the inside of the body whorl appears smooth and devoid of pockets. In our 

specimens of A. petrothawma both carinae show this condition but not one 

of our A. rupicollina shells has a hollow carina, except the young animal, 

where the lower carina shows an internal fairly shallow and inwardly rapidly 

diminishing groove; it does not compare at all to the depth of the carinae 

in the other two species. 

The living animal of Astraea rupicollina differs from that of A. wndosa in 

several features: in the adult of A. wndosa only the first epipodial tentacle is 

observed and at that it is difficult to see (fig. 9), while in A. ruprcollina all 

four tentacles are very distinct and rather eye-catching because of their con- 

trasting color; the color of the sides of the foot of A. rupicollina is essentially 

ccm 

Fig. 9. Living animal of Astraea undosa (Wood), showing the mottled pattern of 

the foot; note the single epipodial tentacle. 
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two-toned, separated into two more or less distinct parallel areas, while 

the sides of the foot of A. wndosa are more or less uniformly mottled and of a 

much lighter general color, although the dark parts of the mottling are darker 

(M. and P. pl. 56, A 1) than any of the colors on A. rupicollina; the mantle 

fold in A. undosa is not outlined in black around its entire periphery, but is 

limited to the area outside of the aperture, nor is the yellow tinge present. 

No color comparison with A. petrothauma was possible as no living speci- 

mens were available for study. 

There are some differences also in the operecula: The four ribs of the 

operculum of Astraea undosa as well as most of the margin itself are covered 

with numerous, in part sharply pointed rugosities; they are lacking on the 

margin opposite the nucleus and on the distal three-fourths of the second 

rib (numbering the ribs from the basal side up when the opereulum is with- 

drawn into the aperture). In A. petrothauma (both specimens, from Sacra- 

mento Reef and from South Coronado Island) the first rib is almost entirely 

smooth, the second has relatively delicate rugosities for about three-fourths 

of its length, and the third rib has more pronounced rugosities for about 

seven-eighths of its length. The nucleus of the opereulum of A. rupicollina 

appears less spirally recurved than in A. petrothauma; of the three ribs the 

first has few, the second slightly more rugosities, all of which are almost 

obsolete; on the third rib the sharply pointed pustules extend only for about 

two-thirds of the length. The margins in both these latter two species are 

entirely smooth. There are also some differences, though perhaps slight, 

in the coloration of the periostracum of the opereula. In A. wndosa the inere- 

mental ridges are coarser, while the longitudinal ridges are so faint as to be 

almost absent (see fig. 5b); the overall effect is much more uniformly dark; 

in A. petrothauma the incremental ridges are distinct, but much finer than 

in either of the two other species, and the longitudinal ridges are not at all 

discernible; in A. rupicollina the longitudinal ridges are more distinct than 

in A. undosa and are present also in the nepionie portion. 

The question arises whether the operculum illustrated by Berry and 

described as the paratype (J. c., pl. 25, fig. 3) is actually the operculum of 

the adult Astraea petrothauma or, possibly, that of the present species. If 

the latter were the case, then Berry’s name as applied to the operculum 

would fall into the synonymy of A. rupicollina, and the name, A. petrothawma 

would then apply only to the shell described in the same paper. However, I 

feel that the material at hand is not sufficiently large to warrant a decision 

at this time; it is hoped that additional specimens of Berry’s species, including 

living animals, may be collected at some future date. 

In concluding the discussion of this portion of the present paper, it may 

be well to consider two other points. It seems, first of all, rather strange that 
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such a large and magnificent animal as Astraea rupicollina has not turned 

up in dredgings long before this. The nature of the type locality may account 

for this: beeause of the large rocks and ledges a dredge, if one were used, 

might well skim above and over the shells. On the other hand, the manner of 

the discovery of this species points up the great value of the relatively new 

research technique employing SCUBA (self contained underwater breathing 

apparatus). Many exciting discoveries may be expected as this new technique 

is refined and its application expanded. Secondly, the fact that A. rupicollina 

so far has not been found anywhere else than on the hilltop of the “Rockpile,” 

not even in neighboring areas which were scanned for it during the search 

in July, 1957, coupled with the fact that A. wndosa is indeed a highly variable 

species, may possibly lead, eventually, to the conclusion that we are dealing 

with an endemic geographical variant of A. undosa. It might be further 

considered possible that A. petrothauma is still another subspecies in the wn- 

dosa-Rassenkreis. Until the areas between the “Rockpile” and South Coro- 

nado Island in one direction, and between the “Rockpile” and Sacramento 

Reef in the other, are carefully and minutely explored, it seems advisable 

to consider all three forms as good species. And since no specimens of A. 

undosa were obtained at the ‘“Rockpile” or anywhere nearer to it than at the 

south tip of South Coronado Island, approximately 8 miles to the northwest, 

coupled with the fact that no tendency toward the A. rupicollina or A. petro- 

thauma shape could be observed in the many examples of A. undosa examined, 

the idea that we are indeed dealing with a heretofore unknown species seems 

to gain plausibility. 

The fact that a living specimen of Astraea petrothawma Berry was found 

very recently at South Coronado Island, does not, it would seem, detract 

from the validity of this conclusion; it adds, however, to the problem of dis- 

tribution of Berry’s species. Originally it was not deemed worthy to note 

that the specimen of A. petrothauma from Sacramento Reef was taken in 

less than 30 feet of water. Since, however, the second specimen at South 

Coronado Island was also taken in relatively shallow water (between 10 and 

50 feet, according to Mr. Limbaugh, although the exact depth where the 

specimen in question was picked up, is unknown), and since, on the other 

hand, all of the known specimens of A. rupicollina come from depths in excess 

of 70 feet, it now seems proper to record these facts. 

CoMPARISON WITH Astraea gradata GRANT & GALE: 

In comparing Astraea rupicollina with the fossil species from the middle 

Pliocene, described in 1931 by Grant and Gale as A. gradata, several points 

of difference are readily noticeable. The material used for this purpose con- 

sisted, in addition to the excellent illustrations of the type material in Grant 

& Gale, plate 31, of two topotypical specimens from the collection of the 
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Museum of Paleontology at the University of California, kindly made avail- 

able to me by Dr. J. W. Durham. 

In Astraea gradata the upper of the two parallel carinae is much less 

fully developed, especially on the early whorls, than in the new species. The 

nodes on the whorls are raised more and turn in at almost a right angle 

toward the suture, thus giving the fossil species that more or less tabulated 

aspect which led the authors to choose the name; in A. rupicollina the nodes 

appear more or less parallel in their entire length to the convexity of the 

whorl. There are three basal corrugations in A. gradata, equally distributed 

over the entire basal area, not leaving room for a possible undeveloped 

fourth or even fifth corrugation, a condition clearly present in A. rupicollina 

(see the comparison above with A. wndosa). Even more striking are the 

differences in the opereula. That of A. gradata is sub-circular and seems to 

have only two ribs, although there is a broad, very flat, low protuberance, 

possibly a rudiment of the (for the subgenus Uvanilla) typical third, basal 

rib. While the middle rib of A. rupicollina is thin, high, and overhanging, 

that of A. gradata is flat, shallow, and broad. The area between the two basal 

ribs in A. gradata appears to be covered with fairly numerous, fine pustules, 

whereas the corresponding area in A. rupicollina is polished. Finally, the 

nuclear whorl of the operculum is much less recurved in A. gradata than it 

is in the new species. 

In spite of the many differences between the two species, it seems possible 

that Astraea rupicollina may prove to be a more or less direct linear descend- 

ant of A. gradata. Much more fossil material of the latter and some very 

young stages of the former species will be needed before this question can 

be answered satisfactorily. 

Macrarene coronadensis Stohler, new species. 

As mentioned above, in the search for the new astraea, a number of sta- 

tions around the Coronado Islands were closely examined by Dr. Fager and 

his associates during July, 1957. Only a few hundred feet seaward from the 

North Island they found six specimens of a species belonging to the genus 

Macrarene (Hertlein and Strong, 1951). The same species was taken on 

three different dives one week later at the “Rockpile”’; on November 19, 1957, 

Dr. Fager picked up one living and one dead specimen, again at the “Rock- 

pile.””’ Depths of collections varied from 150 feet to 70 feet. 

The shells did not agree with the three other species of the genus, found 

in California waters, i. e., Macrarene pacis (Dall), M. californica (Dall), and 

M. farallonensis (A. G. Smith). The rich material in the collections of the 

San Diego Society of Natural History and of the California Academy of 
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Sciences was minutely compared before it was decided to consider this a new 

species. 

For the description it became necessary to compile the characters from 

three shells (one of which is designated the holotype and the other two para- 

type I and II respectively) because all shells are more or less completely 

covered with enecrusting organisms and because it proved impossible to re- 

move this encrustation without possibly damaging the finer sculpture of the 

shell, at least in part. 

Fig. 10. Macrarene coronadensis, new species. Holotype and paratypes I and II. 

Top row: apical view of the three specimens; middle row: the same three specimens 

seen from the umbilicus; bottom row: lateral view. The first picture in each row is 

of the holotype; the second of paratype I and the third of paratype II. Norr: On the 

holotype may be noted a peculiar, extremely hard encrustation surmounting the apex 

and giving it a somewhat higher aspect than it is in reality. Photographs by Victor 

Duran. 
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SHELL: Large for the genus, heavy, tabulated, with three and a half to 

four whorls, nacreous-white; periphery of whorls angular with 9 to 12 pro- 

jections on the body whorl and the preceding whorl; tabulated area above the 

projections smooth, unsculptured except for very faint undulations coin- 

ciding with the projections. Whorls rapidly enlarging with distinct sutures; 

aperture circular within, shiny, pearly; outer margin of aperture flaring, 

with five corners, best described as a square to the base of which is fused an 

isosceles triangle. The whorls are angular in outline; this outline is pro- 

duced by the relatively sharply pointed, subequally spaced, short projections 

of the periphery; the projections are connected with fairly distinct ridges 

producing the effect of a continuous carina. Parallel to the peripheral carina 

and below it is a second carina, equally strong and consisting of the same 

elements, 7. €., projections and connecting ridges. The projections of the 

two carinae are connected with each other by oblique, somewhat folded-over 

ridges which divide the otherwise smooth lateral area of the whorl into sub- 

equal parallelograms. Below the lower carina the body whorl slants toward 

a narrow, rounded base. In addition to the faint ridge-lke oblique swellings 

corresponding to the projections above, there is on this portion of the body 

whorl a pair of spiral cords, very closely situated to each other and about 

equidistant between the lower carina and the base of the whorl. The umbilicus 

is very wide, deep, spiral with a distinct keel spiraling down and ending on 

the inner base of the isosceles triangle. Whorl ending obliquely (see fig. 10). 

OpercuLUM: Horny, with numerous, fine, concentric rings of ridges 

(this is very reminiscent of the operculum of Norrisia norrist (Sowerby), 

except that the rings are so fine that they are discernible only under magni- 

fication) ; there is a fringe of fine strands of horny substance around the 

periphery; the shallowly coneave operculum seems to fit “airtight” over the 

inner aperture. 

ANIMAL: Sides of the foot brown; foot narrow, fairly long, about two 

and a half times as long as broad; tentacles filiform. 

HOLOTYPE MEASUREMENTS: Maximum height 18.6 mm.; max. diam. 22.5 

mm.; body whorl height 11.4 mm.; diam. of aperture 6.1 mm.; angle of diver- 

gence 122°. 

MEASUREMENTS OF PARATYPES I AND II: I. Max. height 18.7 mm.; max. 

diam. 22.4 mm.; height of body whorl 12.0 mm.; diam. of aperture 6.3 mm.; 

angle of div. 128°. II. Max. height 15.8 mm.; max. diam. 22.7 mm.; height 

of body whorl 11.6 mm.; diam. of aperture 6.5 mm.; angle of div. 14014°. 

TYPE LOCALITY: Seaward side of North Island of the Coronado Islands, 

Lower California, a few hundred feet from shore in 150 feet; bottom: large 

rocks, ledges, sand pockets. This locality is at about 32° 27’ North Latitude 

and 117° 11’ 45” West Longitude. 
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In table 4 are recorded the measurements of all 25 specimens collected 

alive in the two areas deseribed above (for comparison the measurements 

of the holotype and paratypes I and II are also entered in the table). 

TABLE 4 

Comparative data for all 25 specimens of Macrarene coronadensis, new species. 
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Holotype : W222 

Paratype I : 128° 

II d 140%° 

III } 118° ? heavily encrusted 

IV 5 106%° ? heavily encrusted 

V : 110° ? nepionic whorls 
encrusted 

Hypotype I 3 109%° 

II ; 1191%° heavily encrusted 

III : 23 

IV 4 123% 

V : 1261%4° J ? heavily encrusted 

VI : 130° 3% 

VII : 130° 

VIII : 130° 4 

IX : 126° ? heavily encrusted 

xe : 1262 4 

XI : 12314° ? heavily encrusted 

XII 124° 3Y 

XIII i 134° 3% 

XIV : 136° 3 

XV : 134%4° 4 

XVI d 138° 2 heavily encrusted 

XVII : 1321%° 3Y 

XVIII , 140%° ? heavily encrusted 

XIX d 121%° 3 

The specimens collected at the ‘“Rockpile” are designated as hypotypes 

T to: XLX 

DISPOSITION OF TYPES: The holotype and paratypes I and II will be de- 

posited in the U. S. National Museum in Washington, where they will be 

assigned the numbers 610,332 (holotype) and 610,333 (paratypes). Para- 

type III will be deposited at Stanford University (Stanford Univ. Paleo. 

type coll. no. 8645); paratype IV will go to the California Academy of 

Sciences (Calif. Acad. Sci. Dept. Geol. type coll. no. 10506); paratype V 
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will be sent to the British Museum in London. Of the many hypotypes, one 

each will be deposited with the Academy of Natural Sciences, Philadelphia; 

Museum of Comparative Zoology, Harvard University; Naturhistorisches 

Museum Basel, Switzerland; and the San Diego Natural History Society 

Museum in San Diego. The remaining hypotypes will be retained, at least 

for the time being, in the collection of the Department of Zoology at the 

University of California in Berkeley. 

CoMPARISON: Macrarene coronadensis appears to be larger than any of 

the three other species of this genus known from California waters. It has 

more projections on the periphery of the body whorl than either of the two 

Dall species (I. pacis and M. californica) and generally fewer than the third 

species, M. farallonensis. It bears the greatest affinity to M. pacis but is easily 

distinguished from it by the possession of the second row of projections 

below the periphery. In both species described by Dall the projections at 

the periphery are curved upward, while in J/. coronadensis they project 

horizontally. From M. farallonensis the new species is easily distinguished 

by the absence of the pronounced axial sculpture on the basal portion of 

the body whorl as well as by the smoothness of the relatively level upper 

surface of the body whorl. Because of these marked differences a rather 

simple key may serve to separate the four species now known. 

KEY TO THE CALIFORNIA SPECIES OF MACRARENE 

1. Projections at the periphery of the body whorl six, blunt, rounded...........-.-..-----.- 

nce se StS OSEP ey Se ee RIE woe M. californica (Dall) 

— Projections at the periphery of the body whorl more than six... 2 

2. Only one row of projections on the body whorl, not exceeding eight in number_____... 

en eee te RE ee ae cu schon mecca anne Bea ee M. pacis (Dall) 

— Body whorl with more than eight projections or with two parallel rows of pro- 

EJ CE] ONS os eee te et a a Ea Sa atc ee ES, Dee 3 

3. Body whorl with two distinct, equally strong parallel rows of projections; 7 to 12 

projections per row (usually 9 or 10); projections not pointing upward; upper 

suntaceioh whorls rather smooth = M. coronadensis Stohler 

— Body whorl sculptured with strong axial oblique ribs extending from suture to 

base ee ee i IO AS 8 eS he ere ee M. farallonensis (A. G. Smith) 

Remarks: There has been much discussion regarding the correct generic 

name for this group of shells; Smith in 1952 gave a brief, yet excellent sum- 

mary of this problem. However, I feel that the generic name proposed by 

Hertlein and Strong in 1951 really beautifully and simply solves the prob- 

lem and I have adopted that name for those reasons. 

It seems fitting to close this paper with an expression of appreciation 

for the generous cooperation shown by so many people, without which these 

two species might have remained unknown still longer. The roles of Dr. 
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E. W. Fager and R. J. Ghelardi, as well as those of Mr. and Mrs. C. D. Jen- 

nings and Mrs. Alan H. Wolfson have been mentioned. In addition to these 

contributions, credit belongs also to C. M. Boyd, T. K. Chamberlain, W. D. 

Clarke, H. L. Scotten, and J. R. Stewart, graduate students at Seripps In- 

stitution of Oceanography at La Jolla for spending much time in diving and 

helping in the search; Mr. C. Limbaugh, the marine diving specialist of the 

same institution also participated in the collecting; without the good-na- 

tured accommodations of Mr. D. A. Noland, the skipper of the buoy boat 

used, the search would probably not have been successful. Drs. A. M. Keen 

of Stanford University and Leo G. Hertlein of the California Academy of 

Sciences generously made the collections under their curatorship available 

to me. Dr. Cadet Hand of the Department of Zoology, University of Cali- 

fornia, kindly read the manuscript. The figures owe their excellence to the 

great skill of the staff artist, Mrs. Emily Reid. 
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During the months of March through September, 1950, Mr. John Gas- 

peretti, on a petroleum exploration survey in Afghanistan, made a small 

collection of reptiles which he subsequently presented to the California 

Academy of Sciences. These reptiles, 65 specimens representing 19 species, 

were collected at the town of Chah-i-Angir’, in the Dasht-i-Margo Desert, 

approximately 100 miles southwest of Khanadar, Afghanistan. There are 

no new forms in this collection. Several species, however, are for the first 

time definitely recorded from that country. 

Following the systematic notes on the collection, I have summarized 

what is currently known of the affinities of the herpetofauna of Afghanistan 

and have prepared a checklist of the reptiles and amphibians presently 

known from that country. 

In regard to the specimens at hand, Mr. Gasperetti has kindly supplied 

the following information about the region in which he made the collection : 

1 The locality Chah-i-Angir has been found on the Girishk quadrangle, no. 34-A, of the 1940 edition of Army 

Map Service map 103127, 1942, International number H-41 E. It has been determined to be 64° 26’ 55” E. 

Long., and 31° 40’ 53” N. Lat., approximately 16.5 miles north of the confluence of the Helmand and Arghan- 

dab rivers, southern Afghanistan. 

[445] 
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“Chah-i-Angir is at the confluence of the Helmand and Arghandab rivers, 

about 100 miles southwest of Khandahar, in the Dasht-i-Margo Desert. The 

Dasht-i-Margo is a high desert... . the elevation is about 1,000 feet above 

sea level. There are large sandy areas and intermittent alluvial gravel 

plains with sparse, small vegetation. Gazelle and lesser bustard abound. 

The weather in this area is severe, ranging from 120°F. summer tempera- 

ture to near 0°F., with snow, in winter. Daily extremes are probably 50 

degrees or more, as for example 50°F. to 120°F. in summer and 30°F. to 

70°F. or 80°F. in winter. The dry season extends from April through 

September.”’ 

SYSTEMATIC NOTES 

Class REPTILIA 

Order SAURIA 

Family GEKKONIDAE 

Agamura persica (Duméril) 

Gymnodactylus persicus DUMERIL, 1856, Arch. Mus. Hist. Nat., Paris, vol. 8, p. 481 

(type loc.: Iran). 

Agamura persica BLANFORD, 1876, Zool. E. Persia, p. 358, pl. 23, fig. 4a—b. BOULENGER, 

1889, Trans. Linnean Soc. London, ser. 2, vol. 5, p. 95, pl. 9, fig. 2. SMirn, 1935, Fauna 

Brit. India, vol. 2, p. 61, fig. 19. 

MATERIAL EXAMINED (2): CAS 84690-84691. 

Remarks: The identification of these specimens is somewhat in doubt. 

Agamura persica and Gymnodactylus stoliczkai are very similar in appear- 

ance except for the structure of their tails, which differs very strikingly. 

The tails, however, are missing from both of our specimens, only a few 

millimeters of stump remaining. The stump is not broadened as in G. 

stoliczkai but rather normal and cylindrical. On the other hand, there are 

only 10-11 upper labials, fewer than recorded for A. persica, but within 

the limits for G. stoliczkai. Since the structure of the tail is certainly the 

more important of these two taxonomic characters, I have assigned the 

specimens to the former species. 

The two specimens at hand are juveniles, measuring 22.5 mm. and 28.0 

mm. in standard (snout—vent) length. In both individuals there are 10-11 

upper labials; the seales of the dorsum are heterogenous, with somewhat en- 

larged, rounded and slightly keeled tubercles scattered among the small 
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juxtaposed granules; the ventral seales are slightly larger than those of the 

dorsum and are imbricate; and there is an indistinct pattern of darker 

eross-bands on the otherwise pale grayish background of the dorsum. 

Alsophylax tuberculatus (Blanford) 

Bunopus tuberculatus BLANForD, 1874, Ann. Mag. Nat. Hist., ser. 4, vol. 13, p. 454 (type 

loc.: Baluchistan) ; 1876, Zool. E. Persia, vol. 2, p. 348, pl. 22, fig. 4. 

Alsophylax tuberculatus BOULENGER, 1885, Cat. Lizards Brit. Mus., vol. 1, p. 20. Sm1rH, 

1935, Fauna Brit. India, vol. 2, p. 36, fig. 14. 

MATERIAL EXAMINED (1): CAS, unnumbered specimen. 

Remarks: This individual was taken from the stomach of our specimen 

of Lytorhynchus ridgewayt. The head had been largely digested. Other- 

wise the body is in good condition and the characteristics of the toes and 

tubereulation of the body are readily discernible. The specimen lacks pre- 

anal pores and presumably is a female. 

Teratoscincus cf. T. bedriagai Nikolsky 

Teratoscincus bedriagai NiKo.Lsky, 1899, Ann. Mus. Zool. Acad. Imp. Sci. St. Peters- 

bourg, 1899, p. 146 (type loc.: eastern Iran). 

MATERIAL EXAMINED (1): CAS 84689. 

Remarks: The identification of this specimen is only tentative. This 

conditional identification results from the fact that 7. bedriagai may be 

conspecific with 7. prezewalski, known from central China and eastern 

Turkestan, from which species 7. bedriagai has been distinguished by the 

single character of relative size of ventral versus dorsal scales. According 

to Bedriaga (1905, pp. 159-162) the ventral scales are equal to or slightly 

larger than the dorsals in 7. prezewalski, and are slightly smaller than 

the dorsals in T. bedriagar. Both species are readily distinguished from 

other members of T'eratoscancus by a combination of two conspicuous char- 

acters: 1) the enlarged seales on the dorsum do not extend forward beyond 

the shoulder, and 2) there usually are less than 50 scales around the middle 

of the body. 

In the specimen at hand there are 52 seale rows around the middle of 

the body, and the enlarged and imbrieate cycloid scales of the dorsum do 

not extend forward beyond the anterior border of the shoulders. The ventral 

seales are either subequal to or slightly smaller than the dorsals. There 

are 12 granules in a longitudinal row between the anterior corner of the 

eye and the nasal shields, 80 granules in a longitudinal row extending from 

the snout to the first of the enlarged dorsal cyeloid scales, and 55 granules 
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in a median longitudinal series extending from the mental to the first en- 

larged ventral scales. Nine upper and nine lower labials are present. The 

nostril is bordered by the rostral and four cireumnasal shields. 

Measurements (in mm.): Standard length 46; tail length 25. 

Teratoscincus scincus (Schlegel). 

Stenodactylus scincus SCHLEGEL, 1858, Handl. Dierk., vol. 2, p. 16 (type loc.: Ili River, 

Turkestan). 

Teratoscincus keyserlingii STRAvUCH, 1863, Bull. Acad. Sci. St. Petersbourg, vol. 6, 

p. 280 (type loc.: Seri-Tschah, Iran). 

Teratoscincus scincus BOULENGER, 1885, Cat. Lizards Brit. Mus., vol. 1, p. 12, pl. 2, fig. 3; 

1889, Trans. Linnean Soc. London, ser. 2, vol. 5, p. 94, pl. 8, fig. 1. SmiruH, 1935, 

Fauna Brit. India, vol. 2, p. 30, fig. 12. 

Teratoscincus zarudnyi NIKOLSKyY, 1897, Ann. Mus. Zool. Acad. Imp. Sci. St. Peters- 

bourg, 1897, p. 309, pl. 18, fig. 1 (type loc.: eastern Iran). 

Teratoscincus roborowskii BepRIAGA, 1905, Ann. Mus. Zool. Acad. Imp. Sci. St. Peters- 

bourg, vol. 10, p. 159 (type loc.: Oase Ssatschsheu [= Oasis of Sachow, Kansu, 

fide Pope, 1935, Rept. China, p. 458]). 

MATERIAL EXAMINED (2): CAS 84648-84649. 

ReMaArRKS: Of seven nominal species presently assigned to the genus 

Teratoscincus, three are regarded as conspecific with 7’. scincus. Terentjev 

and Chernoy (1949, p. 128) have suggested that differences in scutellation 

and color pattern may permit recognition of 7. keyserlingi and T. ro- 

borowski as distinct subspecies of 7’. scincus. 

Our specimens agree with the description of 7. scincus given by Smith 

(1935, p. 80). In CAS 84649, an adult male, there are 31 scales around the 

body; the enlarged dorsal scales, 49 in a longitudinal series counted from 

the first enlarged seale on the occiput to the first of the large caudal scales, 

extend in a band six seale-rows wide from the shoulder to the occiput. There 

are 35 granules between the eyes (about 45 in CAS 84648), and 17 gran- 

ules between the eye and nasal shields. The nostril is bordered by a rostral 

and four circumnasal shields, and there are 11 upper and 11 lower labials. 

A few small blackish spots are arranged more or less longitudinally on 

either side of the middorsal line. There is a seattering of reddish spots in 

the shoulder region, and two diagonal lines on each side of the neck extend 

from behind the eye to the arm. Otherwise, the ground color is pale gray. 

The skin, which among species of Teratoscincus is extremely delicate, 

has been badly damaged in CAS 84648 and body scale patterns cannot 

be determined. 

Measurements (in mm.) are as follows: 
CAS 84648 CAS 84649 

Standard deneth: ssa... -.208 90.0 98.5 

Waris Were lates tae eeeperci ay ccs cece - ve 31.0 33.0 
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Family AGAMIDAE 

Agama agilis Olivier. 

Agama agilis OvIvier, 1807, Voy. Emp. Otho., vol. 4, p. 394, pl. 24 (in atlas), fig. 2 

(type loc.: vicinity of Baghdad, Iraq). Smiru, 1935, Fauna Brit. India, vol. 2, p. 221. 

Agama isolepis BOULENGER, 1885, Cat. Lizards Brit. Mus., vol. 1, p. 342; 1889, Trans. 

Linnean Soc. London, ser. 2, vol. 5, p. 96, pl. 10, figs. 1-3. 

MATERIAL EXAMINED (6): CAS 84642-84647. 

REMARKS: Three of this series of six specimens are females. These are 

all somewhat lighter on the dorsum than the males; all have black stripes on 

the throat, but these are very light. The females lack the distinctive black 

ventrolateral patches which are present in the males. In two of the females, 

CAS 84645 and 84646, the anterior portions of the head are light gray, 

which stands in sharp contrast with the much darker grayish black of the 

dorsum. 

The throats of all the males are striped grayish black, the dark color 

tending to suffuse over the entire throat surface. The black ventrolateral 

patches do not meet midventrally, but are separated by a narrow grayish 

space. In CAS 84647, the upper labials, nasals, rostrals, and the anterior 

half of the throat are light gray; in CAS 84644, the upper and lower labials 

similarly are hght gray. 

Eggs were found in all females: CAS 84642 contained five eggs, the 

largest, measuring one centimeter in diameter, appeared ready for expul- 

sion; in CAS 84645, about 15 eggs were counted in a grape-like cluster at 

the ovary, the largest measuring only two millimeters in diameter. 

The testicular tissues in all male specimens appeared to be greatly 

enlarged. 

Tenebrionid beetles were found in the stomachs of several individuals. 

Measurements (in mm.) and counts are summarized in table I. 

TABLE I[ 

Measurements (in mm.) and counts for specimens of Agama agilis 

CAS Standard Tail Scale Upper Lower Preanal 

number Sex length length rows labials labials pores 

84642 2 90 136 74 16 18 0 

84643 3 94 147 76 19 if 21 

84644 3 ae 130 76 20 i7/ 1s 

84645 Q 81 IIL 7 76 17 16 0 

84646 je) 86 117 75 19/21 18 4/7 

84647 3g 92 129 72 19 16 25 
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Phrynocephalus ornatus Boulenger. 

Phrynocephalus ornatus BOULENGER, 1887, Cat. Lizards Brit. Mus., vol. 3, p. 496 (type 

loc.: between Nushki and Helmand River, Afghan—Baluchistan frontier); 1889, 

Trans Linnean Soc. London, ser. 2, vol. 5, p. 97, pl. 8, fig. 3. Smiru, 1935, Fauna 

Brit. India, p. 232. 

MATERIAL EXAMINED (7): CAS 84650-84653, 84660-84662. 

Remarks: The four females and three males of this series agree closely 

with Smith’s description (1935, p. 232) of the species. Ovarian eggs were 

found in each of the females. 

MEASUREMENTS (range in mm.) for this species of specimens are as 

follows: 

Males Females 

standard leneth .......... 38.7-39.5 37.0-41.5 

Maal engines: ci. socks iste 50.0—55.0 49.0-54.5 

Phrynocephalus scutellatus (Olivier). 

Agama scutellata OLIVIER, 1804, Voy. Emp. Otho., vol. 3, p.110 (type loc.: near Ispahan, 

Iran); 1807, ibid., pl. 42 (in atlas), fig. 1. 

Phrynocephalus olivieri DUMERIL and BrIspron, 1837, Erp. Gen., vol. 4, p. 517 (based 

upon Olivier’s specimen). BOULENGER, 1889, Trans. Linnean Soc. London, ser. 2, 

vol. 5, p. 96, pl. 8, fig. 2. 

Phrynocephalus scutellatus Smirn, 1935, Fauna Brit. India, vol. 2, p. 229. 

MATERIAL EXAMINED (12): CAS 84654-84659, 84663-84668. 

RemMaArRKS: Eges were found in the oviducts of six of the seven females, 

and the testicular tissues were enlarged in all male specimens. Several ants 

were found in the stomach of one individual. 

The measurements (in mm.) for the sample are as follows: 

Male Female 

Standard eneth: s.6<.0% 4% 42.5-48.0 40.5-50.5 

Merl Memo Pai teee 2 aie Piece aoa-ae ere 57.5-74.0 56.5-68.0 

Family SCINCIDAE 

Ophiomorus tridactylus (Blyth). 

Sphenocephalus tridactylus Brytru, 1855, Jour. Asiatic Soc. Bengal, vol. 22, p. 654 

(type loc.: Afghanistan). 

Sphenoscincus tridactylus Perers, 1875, Monatsb. Berl. Akad., 1875, p. 553, figs. 6-12. 

Ophiomorus tridactylus BOULENGER, 1887, Cat. Lizards Brit. Mus., vol. 3, p. 394. Smiru, 

1935, Fauna Brit. India, vol. 2, p. 346, fig. 78. 
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MATERIAL EXAMINED (7): CAS 84669-84675. 

Remarks: All specimens at hand are uniform pale cream above with a 

narrow dorsolateral dark brown stripe which originates at the nostril, passes 

through the eye, and extends onto the tail. In several specimens there is a 

dense spotting of dark brown on the posterior portion of the tail. 

There is no variation in head scutellation with the exception of CAS 

84674 in which there are five rather than six upper labials, and the large 

fourth shield borders the eye; the loreal on the right side is divided into 

two small shields. 

Enlarged ovarian eggs were found in each of the two females. 

Sand grains and fragmentary insect remains were found in the stomachs 

of two specimens. 

The measurements for the sample are as follows: 

Male Female 

DSianGards-lemeph cs ..5/. seis = sea es 72-82 86-90 

Teele emit hne hie ton. clea gee ieva Siete wees 56-65 66 

Family LACERTIDAE 

Acanthodactylus cantoris cantoris Giinther. 

Acanthodactylus cantoris GUNTHER, 1864, Rept. Brit. India, p. 73 (type loc.: Ramnagar, 

Punjab, India). BLANrForD, 1876, Zool. E. Persia, p. 381, pl. 26, fig. 3. 

Acanthodactylus cantoris cantoris SmirH, 1935, Fauna Brit. India, vol. 2, p. 371. 

MATERIAL EXAMINED (6): CAS 84676, 84678-84679, 84681-84683. 

REMARKS: This appears to constitute the second record for this species 

from Afghanistan. Heretofore, the species has been recorded from eastern 

Iran, Baluchistan, and the North West Frontier Province, and once from 

southern Afghanistan (Boulenger, 1889, p. 101). 

Four of the six specimens in this series are females. In three of these, 

eggs were found in the oviduct, and in one the eggs were clumped togther 

in the ovary. A single egg in the oviduct of CAS 84682, an individual 

63 mm. in standard length, measured 14 mm. along its long axis. 

Insect remains were found in the stomachs of several specimens. How- 

ever, in one individual, CAS 84683, the largest male of the series, the par- 

tially digested remains of a skink, Ophiomorus tridactylus, were found. 

As indicated by the data in table II, the difference between the sexes 

in the number of scale rows on the dorsum and in the number of femoral 

pores suggests these characters are subject to sexual dimorphism. There 

are no marked differences in coloration or in proportional measurements 

between the sexes, but the males seem to reach a slightly larger size. 
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TABLE II 

Summary of measurements (in mm.) and counts for the sample 

of Acanthodactylus cantoris cantoris 

Character Male Female 

Morsal’scallerrOws)ess eres 38-41 33-37 

Ventral scale rows= ee 13-14 12-14 

Hemoralipores se See eee 21—23 18-20 

Standand lene hee eee enna 66.0—70.5 63.0-66.5 

Daal, Jen et hy ee -ee oe eee er eee 130 96-123 

Eremias fasciata Blanford. 

Eremias fasciata BLANFOoRD, 1874, Ann. Mag. Nat. Hist., ser. 4, vol. 14, p. 32 (type loc.: 

Saidabad, southwest of Karman, Iran); 1876, Zool. E. Persia, p. 374, pl. 25, fig. 3. 

SMITH, 1935, Fauna Brit. India, vol. 2, p. 386. 

MATERIAL EXAMINED (5): CAS 84684-84688. 

REMARKS: Smith (1935, p. 386) records this species from southern Af- 

ghanistan but gives no exact locality. Boulenger (1889, p. 100) reeords a 

single specimen from Helmand. The five specimens reported on here, four 

males and one female, agree closely with Smith’s description of the species 

in seutellation, but differ in color pattern. According to Smith there are 

five to nine stripes on the neck which reduce to five to seven on the back. 

In our specimens there are nine to eleven stripes on the neck which extend, 

without reduction in number, onto the back. 

Measurements (in mm.) and counts for this series of specimens are 

summarized in table ITI. 

TABLE III 

Measurements (in mm.) and counts for specimens of 

Eremias fasciatus 

CAS Scale rows Upper Femoral Standard Tail 

number Sex Dorsal Ventral labials pores length length 

84684 3 50 14 aly 17/19 58 99 

84685 a 49 IBF; 12/13 19/18 62 — 

84686 3 52 16 I Alit 17/15 47 _— 

84687 3} 51 15 11/11 18/18 61 91 

84688 fe) 46 15 12/12 16/18 42 83 

Eremias guttulata watsonana Stoliczka. 

Eremias (Mesalina) watsonana SrTouiczKa, 1872, Proc. Asiatic Soc. Bengal, 1872, p. 86 

(type loc.: between Karachi and Sukkur, Sind). 

Eremias guttulata watsonana SMITH, 1935, Fauna Brit. India, vol. 2, p. 389. 
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MATERIAL EXAMINED (1): CAS 84680. 

Remarks: Previously recorded from the Afghan—Baluch border by 

Aleock and Finn (1896, p. 558) and from Afghanistan proper by Boulenger 

(1889, p. 99) and Smith (1935, p. 390; 1940, p. 384) this subspecies has 

also been recorded from Sind and the North West Frontier Province to 

the east and from Iran on the west. Lantz’s record (1918, p. 15) of EF. gut- 

tulata from the River Tajan, Transeaspia, probably belongs here. 

Our specimen is a gravid female measuring 49 mm. in standard length 

and 89 mm. in tail length. A single egg was found in the left oviduct. There 

are 44 longitudinal rows of dorsal scales and ten longitudinal rows of 

ventrals. No preanal or femoral pores are present. 

Eremias velox persica Blanford. 

Eremias persica BLANFORD, 1874, Ann. Mag. Nat. Hist., ser. 4, vol. 14, p. 370 (type loc.: 

near Ispahan, Iran) ; 1876, Zool. E. Persia, p. 370, pl. 26, fig. 1. 

Eremias velox persica BOULENGER, 1921, Monog. Lacertidae, vol. 2, p. 312. Smirn, 1935, 

Fauna Brit. India, vol. 2, p. 383. 

MATERIAL EXAMINED (1): CAS 84677. 

REMARKS: This single male specimen measures 87 mm. in standard 

length and 172.5 mm. in tail length. Its seale counts fall within the range 

for the species given by Smith (1935, pp. 383-385). 

Family VARANIDAE 

Varanus (Psammosaurus) griseus (Daudin). 

Tupinambus griseus DAuDIN, 1803, Hist. Nat. Rept., vol. 8, p. 352 (type loc.: Egypt). 

Varanus griseus BOULENGER, 1885, Cat. Lizards Brit. Mus., vol. 2, p. 306. ANDERSON, 

1898, Zool. Egypt, vol. 1, p. 134 col. pl. Smirn, 1935, Fauna Brit. India, vol. 2, p. 400. 

Varanus (Psammosaurus) griseus MERTENS, 1942, Abh. Senck. Mus., Abh. 466, p. 338, 

pls. 1, 3, 11, 15, figs. 3, 13, 51-52, 91 respectively. 

MATERIAL EXAMINED (1): CAS 84641. 

ReMArRKS: According to Smith (1935, p. 401) the scales on the crown 

of the head are usually larger than those in the neck. In our specimen the 

lateral nuchal seales are noticeably larger than those on the crown. 

The dorsum is light tan and is crossed by eight dark brown cross bars 

on the body, each approximately four seale rows in width, and at least nine 

eross bars on the tail; there are indications of a number of yellowish cross 

bars between the dark brown markings. The head is medium to light brown 

with two parallel dark brown stripes, one originating at the corner of the 
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eye, the other below and somewhat behind the eye, both then coursing 

posteriorly onto the neck where they join with their fellows from the oppo- 

site side at the middorsal line just in front of the shoulder. 

The specimen measures approximately 350 mm. in standard length; the 

tail has been damaged. 

This species, found widely distributed throughout the Middle East, 

southwestern Asia, and India, has been recorded from the Shorawuk Plain, 

at Robat I, on the Afghanistan—Baluchistan frontier (Aleock and Finn, 

1896, p. 558; Annandale, 1906, p. 197 [citing previous record]) and in 

the valley of the Hari-rud (Boulenger, 1889, p. 99). 

Order SERPENTES 

FAMILY BOoIDAE 

Eryx jaculus miliaris (Pallas). 

Anguis miliaris PALLAS, 1773, Reise Rus., vol. 2, p. 718 (type loc.: Caspian Sea). 

Eryx jaculus miliaris Borrrcer, 1888, Zool. Jahrb., vol. 3, p. 939. SruLy, 1935, Proc. 

Boston Soc. Nat. Hist., vol. 40, p. 407. 

MATERIAL EXAMINED (1): CAS 84638. 

ReMARKS: This species has been recorded from Afghanistan only once 

(Boulenger, 1889, p. 101). According to Dr. J. E. T. Aitchison (in Boulen- 

ger, 1889, p. 101) it was found to be common throughout the Badghis region. 

Two other species of Eryx have been recorded from this country; EH. ele- 

gans, described from Afghanistan, and EL. tataricus, recently reported from 

Afghanistan by Terentjev and Chernov (1949, p. 230). Eryx johni, known 

from northwestern India, Pakistan (in Baluchistan), and eastern Iran, 

has not yet been taken in Afghanistan, although it seems likely that it will 

be found there. 

Measurements (in mm.) and counts for our female specimen are as fol- 

lows: scales in 49 longitudinal rows, ventrals 191, subeaudals 19, standard 

length 396, tail length 34. 

Family CoLUBRIDAE 

Coluber karelini Brandt. 

Coluber (Tyria) karelini BRANDT, 1838, Bull. Acad. Sci. St. Petersbourg, vol. 3, p. 243 

(type loc.: southwestern Asia). 

Coluber karelini Smitn, 1943, Fauna Brit. India, vol. 3, p. 169. 
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MATERIAL EXAMINED (7): CAS 84630-84636. 

Remarks: The identification of these specimens is open to question. 

The specimens at hand may be divided into two groups. The three smaller 

individuals, characterized by the color pattern in which there are a series 

of 40 or more discrete rectangular black cross bars on the dorsum and a 

series of lateral blotches which alternate with the cross bars, range in 

their ventral count from 202 to 211, and their subeaudal count from 100 

to 102. The four remaining specimens, all larger, have indistinet black 

cross bars on the body. Among these the ventrals range from 221 to 228, 

and the subeaudals range from 110 to 118 (for both sexes). 

In six of the seven specimens, the sixth upper labial is separated from 

the ocular border by a small subpostocular; in one specimen, however, 

these two shields are fused and the sixth upper labial borders the orbit. 

Based upon the structure of the sixth upper labial, which in six of the 

seven specimens does not border the orbit, it is concluded that these speci- 

mens must be assigned to C. karelini, although the ventral counts of the 

four largest specimens fall outside the range for this species. The ventral 

counts of these large specimens, however, agree with those of C. rhodorachis, 

a species distinguished from C. karelini by the character of the sixth upper 

labial, which borders the orbit. 

Excluding from consideration the character of the sixth upper labial, 

the three smaller specimens could easily fit the description of C. ventro- 

maculatus. 

It must be pointed out that the three species already mentioned, C. kar- 

elint, C. rhodorachis, and C. ventromaculatus, are known from southwest- 

ern Asia where their distributions overlap most extensively. They exhibit 

the same ranges of morphological variation, the same color pattern varia- 

tions, and are found in similar environmental situations. 

It seems rather striking, at least to this author, that three species which 

show so close a morphological and ecological identity, which are sympatric 

throughout most of their ranges, and which are distinguished, at most, 

by two variable characters could exist sympatrically and yet be repro- 

ductively isolated. 

In regard to the variable morphological characters, I have already 

noted the possible variation in the subpostocular and sixth upper labial 

which is exhibited among the specimens at hand. When present, the sub- 

postocular prevents the sixth upper labial from bordering the orbit and 

from contacting the subanterior temporal. However, when the subpost- 

ocular is absent or fused to the sixth upper labial, then this latter shield 

and the fifth upper labial both border the orbit, and the sixth shield borders 

the subanterior temporal. 

Close examination of the ventral counts given by Smith (1943, pp. 167— 
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170) suggests something is amiss which cannot be explained by separating 

“ventral count groups” into distinet species. According to Smith, C. ventro- 

maculatus may be characterized by a range of ventral counts from 199 

to 211, C. rhodorachis by a range for males of 205 to 229 (252), and for fe- 

males 218 to 244, and C. karelini by a range of 193 to 212. It should be 

noted that Smith includes among his counts for C. rhodorachis a single male 

with 252 ventrals, more than 20 ventrals above the limit for males, and in 

fact 8 more than among his sample of female specimens. I believe it is 

self-evident that the difference between 199 and 211, the known range for 

male C. ventromaculatus (Boulenger, 1894, pp. 400-401) and 205 to 229, 

the presumed range for males of C. rhodorachis is considerably less than 

the difference between 205-229 and 252, the range of ventrals for males 

within the single series. 

Inso far as C. ventromaculatus and C. karelini are concerned, based upon 

a comparison of Smith’s data, and the examination of specimens at hand, 

these species are indistinguishable but for the variable character of the 

sixth upper labial. 

It is not my intention here to alter the established nomenclatural or 

zoological arrangement of these species, but only to point out that their 

recognition is based upon characters of rather nebulous taxonomic value, 

and their present partition is not entirely satisfactory. 

Measurements (in mm.) and counts for our sample of C. karelini are 

summarized in table IV. 

TABLE IV 

Measurements (in mm.) and counts for specimens of 

Coluber karelini 

CAS Upper Labials Subpost- Standard Tail 

number Sex labials in eye ocular Ventrals  Subcaudals length length 

84630 2 9/9 5, 6 — 222 == 548 = 

84631 3} 9/9 5 + 223 118 724 365 

84632 2 9/9 5 + 228 1104 670 2334 

84633 2 9/9 5 + 221 115 626 224 

84634 Q 10/9 5 + 211 100 564 193 

84635 3} O59) 5 + 202 == 296 — 

84636 3 9/9 5 + 209 1024 185 584+ 

2 + = shield present; —- = shield absent. 

Lytorhynchus ridgewayi Boulenger. 

Lytorhynchus ridgewayi BOULENGER, 1887, Ann. Mag. Nat. Hist., ser. 5, vol. 20, p. 413 

(type loc.: Chinkilok, Afghanistan); 1889, Trans. Linnean Soc. London, ser. 2, 

vol. 5, p. 102, pl. 11, fig. 1. Smirn, 1943, Fauna Brit. India, vol. 3, p. 190, fig. 58. 
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MATERIAL EXAMINED (1): CAS 84639. 

Remarks: A single female of this deserticolous species was collected. 

A specimen of Alsophylax tuberculatus was found in its stomach. 

Measurements (in mm.) and counts of this specimen are as follows: 

12 maxillary teeth; 7/8 upper labials; 11 lower labials; nasal divided; 1/1 

loreal; 1/1 pre- and 2/2 postoculars; 2/2 suboculars; 2/2 anterior temporals; 

prefrontal divided; scales in 19 longitudinal rows at midbody; 182 ventrals; 

anal plate single; 41 dark blotches on dorsum; standard length 334; tail 

damaged. 

Psammophis schokari (Forskal). 

Coluber schokari ForsKAt, 1775, Dese. Anim., p. 14 (type loc.: Yemen). 

Psammophis schokari BOULENGER, 1896, Cat. Snakes Brit. Mus., vol. 3, p. 157. SMITH, 

1943, Fauna Brit. India, vol. 3, p. 363. 

MATERIAL EXAMINED (1): CAS 84629. 

Remarks: Only one female of this species was obtained. The color 

pattern of this specimen is normal except that the dorsomedian pair of 

black stripes are broken up into series of longitudinally arranged black spots. 

Measurements (in mm.) and counts of this individual are as follows: 

seales in 17 longitudinal rows at midbody; 9/9 upper and 10/10 lower 

labials; nasal divided; 1/1 loreal; 1/1 pre- and 2/2 postoeculars; 2+2+3/ 

2424-3 temporals; 184 ventrals; 116 subeaudals; standard length 634; tail 

length 312. 

Boiga trigonata melanocephala (Annandale). 

Dipsadomorphus trigonata var. melanocephalus ANNANDALE, 1904, Jour. Asiatic Soc. 

Bengal, vol. 73, p. 209, pl. 9, figs. 3—4 (type loc.: Iranian-Baluchistan frontier). 

Boiga trigonata SmirH, 1943, Fauna Brit. India, p. 349 (in part). 

MATERIAL EXAMINED (1): CAS 84637. 

Remarks: Annandale’s variety Dipsadomorphis t. melanocephalus, 

based upon three specimens with dark heads, was considered by Smith 

(1948, p. 350) to be a color variety not worthy of subspecific rank. In view 

of the fact that the dark-headed forms of B. trigonata appear to occupy a 

geographical area distinct from the more typical color phase of this species, 

T am inclined to regard it as a distinct subspecies. 

The specimen at hand has been badly damaged. Its measurements (in 

mm.) and counts are as follows: 11 maxillary teeth; scales in 21 longitudinal 

rows at midbody; 8/8 upper labials, the third, fourth and fifth bordering 

the orbit; 1/1 pre- and 2/2 postoculars; 2+3/2+2 temporals; 230 ventrals; 

standard leneth (approximate) 470; tail damaged. 
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Annandale does not give the exact locality at which his specimens were 

collected. Smith records B. trigonata from Baluchistan, the North West 

Frontier Province, and the Transeaspian region, as well as elsewhere in 

India. Our record appears to be the first for Afghanistan. 

Family VIPERIDAE 

Echis carinatus (Schneider). 

Pseudoboa carinata ScuneEIweER, 1801, Hist. Amphib., vol. 2, p. 285 (based on figure by 

Russell, 1796, Ind. Serp., vol. 1, pl. 2). 

Echis carinata Fayrer, 1874, Thanatophidia India, pl. 12. 

Echis carinatus SmitH, 1943, Fauna Brit. India, vol. 3, p. 487, fig. 154. 

MATERIAL EXAMINED (2): CAS 84627-84628. 

REMARKS: The two specimens, both females, agree closely with deserip- 

tions of this species. Specimen CAS 84628 contained the partially digested 

remains of an Acanthodactylus c. cantoris in its stomach. 

Measurements (in mm.) and counts of these specimens are given in 

table V. 

TABLE V 

Measurements (in mm.) and counts for specimens of 

Echis carinatus 

CAS Scale Upper Circum- Inter- Standard Tail 

number rows labials oculars oculars Ventrals Subcaudals length length 

84627 36 iPAyAlat abel 8) 181 Bul 415 45 

84628 31 13/11 18 10 182 35 477 56 

DISCUSSION 

Afghanistan is a land-locked country bounded by Russian Turkestan 

on the north, Iran on the east, and the Pakistan provinces of Baluchistan, 

Sind, and the North West Frontier Province on the south and west. The 

low lands along the southern borders of Afghanistan lie about 1000 feet 

above sea level. The level of the land rises toward the north, and espe- 

cially toward the northeast where altitudes in excess of 25,000 feet are 

reached. Rainfall throughout the country is meager, especially so in the 

southern deserts. Extremes of temperature are to be expected, and within 

one year may range as much as 140 degrees in one locality. 

The herpetofauna of Afghanistan is largely deserticolous, the genera 
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and species being for the most part of Palearctic origin. Genera, such as 

Agama, Eremias, Phrynocephalus, Uromastix, Varanus, Stenodactylus, Al- 

sophylax, Echis, Leptotyphlops, Lytorhynchus, Psammophis, and Eryx are 

all prominently represented in the arid and semiarid regions of south- 

western Asia, the Transeaspian region, and farther west in the Arabian 

Peninsula and northern Africa. 

Other genera found in Afghanistan, notably Teratoscincus and Crosso- 

bamon, are known from the Transeaspian region and eastward into Tur- 

kestan. They have entered Afghanistan and eastern Iran, but do not appear 

to have extended farther into the deserts of southwestern Asia. 

Three European species of reptiles have entered Afghanistan: T'yphlops 

vermicularis, Natrix tessellatus, and Vipera lebetina. These species are also 

known from Transeaspia, Iran, and Iraq. 

Only a single reptile is endemic to Afghanistan, Eryx elegans. 

Among the amphibians, two species, Bufa viridis and Rana ridibunda, 

both of which are widely distributed throughout the Palearctic region, 

have been found in Afghanistan. In so far as is known, these species are 

found in the mountains of central and northern Afghanistan where there 

are sufficient water resources, especially from the melt of the winter snows, 

to provide for their activities. 

Recently Smith (1940, p. 382) described a new salamander from the 

mountain streams above Paghman, at an altitude in excess of 9,000 feet. 

This salamander, Batrachyperus mustersi, presently known only from the 

type locality, is related to B. pinchoni and B. tibetanus, both known from 

the highlands of southwestern China. 

The fourth amphibian recorded from Afghanistan, Rana sternosignata, 

has been taken at Arbarp, in the highlands to the immediate west of Kabul, 

at an altitude of 7,000 feet. The species has been recorded from Sind, 

Baluchistan, and Kashmir where it has always been found in an aquatic 

habitat. The relationships of this frog are not certain; Boulenger (1920, 

pp. 70-71), however, places it next to Rana tibetiana, a species known from 

the high plateau region of southwestern China. 

At least two Oriental genera and species have entered Afghanistan 

from the east, Ptyas mucosus and Boiga trigonata. It would seem remark- 

able that this latter species, which is adapted to arboreal habitats, should 

live where such habitats are unavailable. However, other specimens of Boiga 

trigonata have been found in widely scattered places throughout the Afghan- 

istan-Baluchistan desert region where there is little or no vegetation, so 

it is reasonably certain that the snake is not just a casual entrant into 

this area. 

In summary, it is evident that Afghanistan has been populated by ele- 

ments of the Palearctic herpetofauna, including many forms from the 

Iranian and Turkestan regions, and one or two amphibians from Tibet. 
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At least two Oriental genera are also represented. The high-altitude Hi- 

malayan lizard fauna of northern India and Pakistan does not appear to 

have made inroads into northern Afghanistan. However, very little col- 

lecting has been done in that region, and it is by no means certain that 

future effort will not demonstrate closer affinities between the mountain 

faunas of northern Afghanistan and India than has been found among the 

Oriental Indian and Afghan faunal elements to the south. 

CHECKLIST 

In the following list of reptiles and amphibians I have mentioned only 

those forms which have been collected within the political boundaries of 

Afghanistan or at localities in the vicinity of the international borders 

between Afghanistan and its neighboring countries. Evaluation of litera- 

ture records, upon which this list is largely based, has in some eases been 

difficult. This is especially true of the records of Aleock and Finn, Blan- 

ford, and Boulenger, which were based upon the collections made in the 

course of the Persian-Afghanistan-Baluchistan Boundary Delimitation 

Commission expeditions. Some specimens collected by these expeditions 

were obtained at border localities; some were obtained at varying distances 

south of the international border, in Baluchistan, or east of the border, in 

Iran. I have included in this checklist all records of specimens which were 

collected at border localities, as for example Koh-i-Malik-Shar, but not 

from localities several miles distant from the border, as for example 

Darband. 

Afghanistan records have been obtained from several sources, most 

important of which are Alcock and Finn (1896), Boulenger (1889), Smith 

(1935; 1940; 19438), and Terentjev and Chernov (1949). 

Class AMPHIBIA 

Order CAUDATA 

Family HyNopriipArE 

Batrachyperus mustersi Smith 

Order SALIENTIA 

Family BUFONIDAE 

Bufo viridis Laurenti 

Family RANIDAE 

Rana ridibunda Pallas Rana sternosignata Murray 
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Class REPTILIA 

Order SAURIA 

Family GEKKONIDAE 

Agamura persica (Duméril ) 

Alsophylazx tuberculatus (Blantford) 

Crossobamon eversmanni (Wiegmann) 

Eublepharus macularius (Blyth) 

Gymnodactylus caspius EHichwald 

Gymnodactylus fedtschenkoi Strauch 

Gymnodactylus scaber (Heyden) 

Teratoscincus bedriagai Nikolsky 

Teratoscincus scincus (Schlegel) 

Family AGAMIDAE 

Agama agilis Olivier 

Agama caucasica (Hichwald) 

Agama nupta de Filippi 

Agama ruderata Olivier 

Agama sanguinolenta (Pallas) 

Agama tuberculata Gray 

Phrynocephalus luteo-guttatus 

Boulenger 

Phrynocephalus maculatus Anderson 

Phrynocephalus mystaceus (Pallas) 

Phrynocephalus ornatus Boulenger 

Phrynocephalus scutellatus (Olivier ) 

Phrynocephalus interscapularis Lichtenstein Uromastix asmussi (Strauch) 

Family ScrNncIpArE 

Ablepharus grayanus (Stoliczka) 

Ablepharus pannonicus Fitzinger 

EHumeces schneideri (Daudin) 

Eumeces taeniolatus (Blyth) 

Ophiomorus brevipes (Blanford ) 

Ophiomorus tridactylus (Blyth) 

Family ANGUINIDAE 

Ophiosaurus apodus Pallas 

Family LACERTIDAE 

Acanthodactylus cantoris Giinther 

Eremias acutirostris (Boulenger) 

Eremias aporosceles (Alcock & Finn) 

Emerias fasciata Blanford 

Eremias grammica (Lichtenstein ) 

EHremias guttulata watsonana Stoliczka 

Hremias lineolata (Nikolsky) 

Hremias regeli Bedriaga 

Eremias scripta (Strauch) 

Eremias velox persica Blanford 

Family VARANIDAE 

Varanus griseus (Daudin) 

Order SERPENTES 

Family TyPHLOPIDAE 

Typhlops vermicularis Merrem 
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Family LEPTOTYPHLOPIDAE 

Leptotyphlops blanfordi (Boulenger) 

Family Boar 

Eryz elegans Gray Eryz tataricus (Lichtenstein) 

Eryx jaculus miliaris (Pallas) 

Family CoLuBRIDAE 

Boiga trigonata melanocephala Lytorhynchus maynardi Alcock & Finn 

(Annandale) Lytorhynchus ridgewayi Boulenger 

Coluber karelini Brandt Natriz tessellata Laurenti 

Coluber raverigieri Ménétriés Psammophis leithi Giinther 

Coluber rhodorachis (Jan) Psammophis lineolatus (Brandt) 

Coluber ventromaculatus Psammophis schokari (Forskal) 

Gray & Hardwick Ptyas mucosus (Linnaeus) 

Sphaerosophis diadema (Schlegel) 

Family ELAPIDAE 

Naja naja oxiana (Hichwald) 

Family VIPERIDAE 

Echis carinata (Schneider ) Vipera lebetina (Linnaeus) 

Pseudocrastes persica (Duméril, Bibron, Duméril) 

Order CHELONIA 

Family TESTUDINIDAE 

Testudo horsfieldi Gray 
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Valuable information about the relationships within the pipefish and 

seahorse family, Syngnathidae, ean be obtained by careful study of the 

brood pouch. As is well known, it is the syngnathid male, and not the 

female, that carries the eggs during incubation. Depending upon the sub- 

family and genus, the eggs may be attached to the underside of either 

the abdomen or the tail. They may be attached loosely, imbedded singly 

in spongy sockets, or crammed into a covered pouch. Bony pouch-pro- 

tecting plates and pouch folds may either be present or absent. Most 

ichthyologists are in agreement on Duncker’s (1915) subfamily classifi- 

cation based upon these criteria (table 1). From this table it will be 

noted that the abdominal-pouch syngnathids (Gastrophori) do not have 

a sealed pouch equivalent to the tail-pouch Hippocampus (Urophori). 

The term Protourophori is given to the hypothetical group of tail-pouch 

pipefishes corresponding to the Nerophinae. Although not one of this 

type is known from the fossil record, the other three subfamilies of 

the Urophori (Solegnathinae, Syngnathinae, and Hippocampinae) must 

surely have evolved through this stage at some time in their development. 

Detailed studies of the manner in which the brood-pouch folds close 

over the eggs have not previously been made. The method of closure 

(herein designated by the letters BPC) shows to best advantage on males 

that have had a full clutch of eggs in the pouch for only a few days. 

[ 465 ] 
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At times it may be necessary to examine a series of males of a single 

species before suitable individuals illustrating the BPC can be found. 

If the pouch is empty, or if the eggs have reached the advanced embryo 

stage so that the covering pouch folds have become expanded by the 

erowing progeny, the character of the BPC may not be fully evident. 

Given sufficient material, all syngnathine pipefishes with brood-pouch 

folds ean be assigned to one of the four groups diagrammed in fig. 1. 

The most generalized type of pouch within the subfamily Syngna- 

thinae is that of the semi-brood-pouch closure, which is well represented 

by Corythoichthys. In this genus the eggs are one layer in depth and 

four to six in width; they are not completely covered by the brood-pouch 

folds so that the eggs in the center are exposed. Males of the follow- 

ing species have been examined and all fit into semi-BPC: the Atlantic 

Corythoichthys albirostris and C. brachycephalus, and the Paeifie C. in- 

testinalis, C. ocellatus, C. schultzi, C. flavofasciatus, and C. nigripectus. 

The Atlantic species have pouch-protecting plates and usually have the 

eges covered to a greater extent than do the Pacifie species which lack 

the protecting plates. 

Bryxz, a subgenus of Syngnathus, is similar to Corythoichthys in that 

it also is a member of the semi-BPC group, but the eggs are arranged 

in only two rows. 

From this semi-BPC any of the other types may have developed. If 

a species of Corythoichthys were to elongate the brood-pouch folds with- 

out developing thickenings at the free ends, the folds would then be 

eapable of overlapping as found in overlapping-BPC. This closure 

method is characteristic of a group of small pipefishes including the At- 

lantic American Syngnathus dunckeri and the Pacific American Syng- 

nathus arctus and Syngnathus coccineus. These may now be grouped 

under a new subgeneric name, Microsyngnathus, herein designated.! 

If the underlapping edge of the brood-pouch folds were to be turned 

outwardly back upon itself, this would be the type designated as everted 

brood-pouch closure. Such closure is characteristic of those pipefishes 

which are in the direct evolutionary line leading from the primitive 

open-pouch pipefish to the complex closed-pouch seahorse. This trend, 

indicated in fig. 1, is shown in detail in fig. 2. 

The everted-BPC series begins with pipefishes such as the Atlantic 

Syngnathus elucens and the China Sea Syngnathus argyrostictus. These 

ean be assigned to the subgenus Parasyngnathus.2 Leptonotus as shown 

1Microsyngnathus, new subgenus of Syngnathus; genotype Syngnathus dunckeri Metzelaar; diagnosis: small 
pipefishes usually less than 100 mm. of the overlapping-brood-pouch closure type; eggs usually maaan 
two rows. ttt 

*Parasyngnathus Duncker, 1915, a subgenus of Syngnathus; genotype Syngnathus argyrostictus Kaup; diag- 
nosis: pipefishes of the genus Syngnathus with everted-brood-pouch closure. 
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Fig. 2. Hypothetical evolutionary sequence from a typical Syngnathine pipe- 

fish with everted-brood-pouch closure to a typical seahorse. 
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by L. blainvilleanus, is perhaps not on the direct line of evolution, for 

in this genus the lateral trunk and tail ridges are continuous rather than 

subeontinuous (fig. 3). However, two species previously placed under 

Syngnathus, viz., S. spicifer and S. djarong, are certainly transitional 

and should be considered intermediate between Syngnathus and Micro- 

gnathus. This is indicated by the lateral trunk ridge being deflected 

ventrad at the anus but not continuous with the inferior tail ridge as 

is the case in the next genus, Micrognathus. Because of this transitional 

ridge system, Syngnathus spicifer and S. djarong can be given generic 

recognition under Bombonia Herre, 1927.* 

Micrognathus is the next genus in the everted-BPC series. Of the 

nine species in the subgenus Micrognathus, only two, the Atlantic M. 

vitatus and the Pacifie MW. brevirostris, have had suitable males that indi- 

cate that they may be assigned to the everted-BPC series. The other 

subgenus of Micrognathus is Anarchopterus Hubbs, 1935. It is prin- 

cipally confined to the Caribbean with only two species, both of which 

have smooth bodies and lack the anal fin. One species, I. (Anarchopterus) 

crinigerus, is definitely of the everted-BPC type, and for the other more 

material is needed. It should be noted that there is a tendency within 

the species of Micrognathus as well as in Ichthyocampus for the posterior 

end of the egg-filled pouch to assume an overlapping-BPC although the 

anterior end will usually be of the everted-BPC type. 

Trachyrhamphus, as illustrated by the species 7’. serratus, is not 

ereatly different from JMicrognathus except for two features, the pres- 

ence of a raised dorsal-fin base, and the loss of the pouch-protecting plates. 

Amphelikturus, with a single species, A. dendriticus, is the genus of 

the Syngnathinae most closely related to the typical seahorse. The dor- 

sal base is raised, the caudal is vestigial, the tail is prehensile, the pouch 

is closed for the two most posterior rings, and the head is moderately 

bent. From here it is only a slight jump to the true seahorse, Hippo- 

campus, which also has the raised dorsal base and the prehensile tail but 

has lost the caudal fin. The pouch is permanently sealed for most of its 

leneth with the exception of a small post-anal pore. The head is conspic- 

uously bent at right angles to the body. 

There are three genera which have the Micrognathus-Hippocampus 

type ridge pattern and probably belong to the everted-BPC series. Un- 

fortunately, suitable males of these three, Yozia, Halicampus, and Hali- 

ichthys, have not as yet been available. All three have the raised dorsal 

Becker, disgaoris: pigehches Of the cya BEC tebe ghich fave a, lateral tidve caystear areata ae 
between Syngnathus and Micrognathus, i.e., lateral trunk ridge deflected ventrad at the anus but not continuous 
with the inferior tail ridge. 

Duncker (1915) lists Syngnathus cyanospilus Bleeker as belonging to this deflected ridge group. The 
single male I have examined appears to have everted-BPC, but definite verification will have to await 
examination of more specimens. 
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base. Haliichthys has also lost the caudal fin and has gained a prehensile 

tail. 
The seahorse subfamily, Hippocampinae, is made up of two genera: 

(1) Hippocampus, the typical seahorse, which was developed through the 

everted-BPC series, and (2) the pseudo-seahorse, Acentronura, which 

obviously did not evolve in the same manner. Both of these fused-pouch 

genera are alike in having a prehensile tail without a caudal fin, in hav- 

ing a raised base for the dorsal fin, and in having the head at an angle 

to the body. Acentronura and Hippocampus both have a ridge system 

in which the lateral trunk ridge is continuous with the inferior tail 

ridge. A significant difference, however, is that the lateral tail ridge 

is entirely missing on Acentronura. Likewise, Acentronura has lateral 

protecting plates in the brood pouch, these being absent in Hippocam- 

pus.* In the subfamily Syngnathinae there are only three genera, Uro- 

campus, Penetopteryx, and Ichthyocampus which have the same kind of 

ridge pattern as Acentronura. Of these three, Urocampus lacks the pouch- 

protecting plates, Penetopteryx lacks the dorsal and pectoral fins, but 

Ichthyocampus has all three structures missing from the others. Pos- 

sibly then, Ichthyocampus may be the modern representative of a form 

through which the pseudo-seahorse, Acentronura, has evolved. 

Of the 18 species in the genus Ichthyocampus only four have a ridge 

pattern like that of Acentronura: Ichthyocampus bikiniensis from the 

Marshall Islands, 7. bannwarthi from Suez, I. pawner from the Bahamas, 

and I. filum from southern Australia and New Zealand. The last species 

is definitely in the everted-BPC series, but for the others sufficient mate- 

rial has not been available. In addition to the Acentronura type ridge 

system, Ichthyocampus has two additional ridge patterns; subgeneric 

designations are available for all three.® Jchthyocampus pictus is the 

only other species in the genus that without question can be assigned a 

BPC group—in this case also the everted type. There are two possi- 

bilities for the development of the Ichthyocampus-Acentronura group— 

either they were derived from the main Hippocampus line somewhere 

between Bombonia and Micrognathus or they arose even earlier than 

that, before the development of the Parasyngnathus group. 

Most of the species in the genus Syngnathus belong to the type sub- 

genus, Syngnathus, characterized by inverted-BPC (genotype Syng- 

‘Most of the genera and species in the everted-BPC series have the protecting plates. The exceptions 
are Yozia, Trachyramphus, and Corythoichthys. 

5The three Ichthyocampus subgenera are (1) Larvicampus Whitley 1948, genotype Festucalex runa Whitley 
= Ichthyocampus filum Giinther, lateral trunk ridge continuous with inferior tail ridge, everted-BPC; (2) 
Ichthyocampus Kaup 1856, genotype Syngnathus carce Hamilton, lateral trunk ridge deflected ventrad at 
anus but not continuous with inferior tail ridge, BPC probably everted type; (3) Festucalex Whitley 1931, 
genotype Syngnathus cinctus Ramsey, lateral trunk ridge ending free near or beyond anal ring, and without 
ventral deflection, BPC unknown. Another subgenus of Jchthyocampus has been described, viz., Bulbonaricus 
Pevald,, ale Although it has the Festucalex ridge pattern, its future relationship based on BPC remains 
o be determined. 
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nathus acus l.). The most primitive development of the inverted-BPC 

series is to be found in such species as Syngnathus californiensis, S. 

auliscus, S. schlegeli, and S. rostellatus, and in the genus Stigmatopora. 

In all of these the contacting edges of the brood-pouch folds are only 

moderately thickened and usually extend slightly, if at all, into the 

brood pouch. One of the variations of this closure is that found in 

S. typhle in which the contacting pouch folds are covered with vertical 

or oblique grooves. All males of this species do not show the character 

to equal extent, but in some it is so remarkably developed that there 

may appear to be innumerable small fimbriae attached to the edges of 

the brood-pouch folds and directed into the pouch. 

EERC A AP -FirAk 

Fig. 3. Diagram of the middle part of the body of a hypothetical syngnathid 

illustrating the terms used in describing this family: (A) anus; (AF) anal fin; 

(D) discontinuous part of superior tail ridge; (FTAR) first tail ring; (ITAR) 

inferior tail ridge; (ITR) inferior trunk ridge; (MVR) midventral abdominal 

ridge; (LTAR) lateral tail ridge; (LTR) lateral trunk ridge; (LTRC) lateral 

trunk ridge continuous with inferior tail ridge; (LTRR) last trunk ring; (STAR) 

superior tail ridge; (STR) superior trunk ridge. 

The majority of the species of the inverted-BPC group belong to 

the Syngnathus fuscus—S. floridae group, which may be defined as dif- 

fering from the previous group only in that the folds extend about half 

way into the center of the pouch, but do not completely divide it. At 

times it may be difficult to assign a species to one or the other of these 

groups since the difference between them is only one of degree. Generally 

speaking, however, the former group often has the eggs crammed into 

the center area of the pouch as well as on the sides, whereas in the latter 

croup the eggs are usually on both sides with a partial septum in between, 
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formed by the contacting brood-pouch folds. The septum does not go 

entirely through the pouch so that there may be eggs in the center 

portion in the most dorsal section. Other members of this second group 

are Syngnathus scovelli, 8. pelagicus, S. louisianae, S. springeri, and S. 

carinatus. One interesting development is found in the Chesapeake Bay 

population of S. floridae which has the contacting edges of the brood 

pouch folds covered with small papillae. These are usually visible only 

under a microscope. 

The greatest development of pouch division in the inverted-BPC 

series is to be found in the genus Pseudophallus with three known species 

limited to Central America. These are P. mindi of the Atlantic and 

P. starksi and P. elcapitanensis of the Pacific. In this genus the contact- 

ing surfaces of the brood-pouch folds completely divide the pouch so 

that the eggs on the two sides of the pouch are entirely separated. 

From figure 1 it will be noted that the genus Syngnathus breaks down 

into four subgenera, Syngnathus, Parasyngnathus, Bryx, and Microsyng- 

nathus, these designations being dependent upon the method of closure 

of the brood pouch. Bryx and Microsyngnathus represent the end de- 

velopment within the genus of semi- and overlapping-BPC, respectively. 

With its inverted-BPC the subgenus Syngnathus has the greatest number 

of species, but the ultimate development of this type of closure is in an- 

other genus, Pseudophallus. Parasyngnathus, representing the everted- 

BPC group, has given rise to a number of genera ending with the true 

seahorse, Hippocampus. In some manner not yet fully understood, 

Parasyngnathus and the members of the everted-BPC group are related 

to the development of the IJchthyocampus - Acentronura evolutionary 

sequence. 
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Recent field work by one of the authors’ on Negros Island, Philippine 

Islands, resulted in the collection of a series of specimens of Pseudorabdion 

oxycephalum Giinther and Pseudorabdion mcnamarae Taylor. Close ex- 

amination of the material suggests that P. orycephalum is more similar to 

recognized species of T'yphlogeophis Giinther, and P. mcnamarae to recog- 

nized species of Agrophis Miiller than is either to Pseudorabdion longiceps 

[= Rabdion torquatum, type species of the genus Pseudorabdion|. These 

findings have led us to reevaluate the status of these genera and of their 

included species. 

1 Dr. Brown visited the Philippine Islands on two occasions, during 1954-1955 and again during 1957. Asa 

result of his activities, and with the generous assistance of the staff of the Department of Biology, Silliman Uni- 

versity, Dumaguete, Negros Island, a considerable collection of amphibians and reptiles has been amassed. These 

specimens have been deposited at Stanford University. 

[ 475 J 
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In the course of this study we have become indebted to a number of per- 

sons for the loan of specimens under their care and for other courtesies. 

Dr. Lothar Foreart, Basel Museum; Dr. Jean Guibé, Paris Museum; and 

Dr. H. W. Parker and Mr. James C. Battersby, British Museum; have gen- 

erously aided us by examining type specimens and answering our numerous 

questions regarding these materials. Mr. Charles M. Bogert, American Mu- 

seum of Natural History; Dr. Doris M. Cochran, United States National 

Museum; Mr. Arthur Loveridge and Dr. Ernest E. Williams, Museum of 

Comparative Zoology, Harvard College; and Dr. Robert F. Inger, Chicago 

Natural History Museum, have made available to us their specimens of 

Pseudorabdion. 

The investigations of the junior author in the tropical forests of the 

Philippine Islands, upon which this paper is in part based, have been sup- 

ported since 1955 by grants from the National Science Foundation. Prior 

to 1955 the work was aided by a grant from the United States Educational 

Foundation in the Philippines. 

The illustrations, with the exception of figure 7, were prepared by Mr. 

Walter Zawoski of the Stanford Research Institute. Figure 7, that of 

Pseudorabdion sarasinorum, was prepared by Mr. W. Schlier of the Basel 

Museum. 

ABBREVIATIONS 

The following abbreviations are used throughout this work: 

CAS = California Academy of Sciences, San Francisco. 

CNHM = Chicago Natural History Museum, Chicago, Illinois. 

MCZ = Museum of Comparative Zoology, Harvard College, Cambridge, 

Massachusetts. 

SU = Natural History Museum, Stanford University, California. 

USNM = United States National Museum, Washington, D. C. 

TERMINOLOGY 

Several terms used in this paper require explanation or definition: 

Caudodorsal scale reduction — the reduction of caudodorsal scales from 

six to four results from the fusion of the second and third scale rows; the 

position of this reduction is expressed in terms of the subeaudal plate, num- 

bered by counting posteriorly from the anal aperture, opposite which the 

reduction takes place (indicated by the number in brackets []): e.g., 

6 (2+ 3 [8]) 4. 

Loreal — any shield immediately behind the nasal shield which is distinet 

from the prefrontal or labial shields and which, even when it borders the 

orbit, does not prevent the preocular, if present, from also bordering the 

orbit. 
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Preocular —a shield immediately anterior to and bordering the orbit; 

when this shield is present the prefrontal does not enter the orbit. 

Standard length —the distance from the tip of the snout to the anal 

aperture. 

Subcaudals — these paired and enlarged shields on the underside of the 

tail are counted from the first overlapping pair immediately behind the 

anal aperture to the last overlapping pair just anterior to the tip of the tail. 

Supraocular —a shield which borders the orbit from above and which 

normally prevents the frontal from bordering the orbit; this shield may be 

very small and occasionally fused to the postocular. 

Ventrals — Dowling’s method (1951, pp. 97-98) has been used in count- 

ing the enlarged shields on the underside of the body. 

Genus PSEUDORABDION Jan 

Rabdion DumMeértIL, 1853, p. 441 (in part). DUMERIL, Brsron and DumeErIL, 1854, p. 115 

(in part). 

Pseudorabdion JAN, 1862, p. 10 (type species Rabdion torquatum DUMERIL, BIBRON 

and DumeértIn, 1854, by monotypy). 

Oxycalamus GUNTHER, 1864, p. 199 (type species Calamaria longiceps CANTOR, 1847, by 

monotypy). 

Typhlogeophis GUNTHER, 1879, p. 77 (type species Typhlogeophis brevis GUNTHER, 

1879, by monotypy). 

Pseudorhabdion BouLENGER, 1885, p. 389 (erroneous subsequent spelling). 

Rhabdion BoEettrcER, 1886, p. 106 (erroneous subsequent spelling). 

Pseudorhabdium BouLENGeER, 1894, p. 328 (erroneous subsequent spelling). 

Agrophis MUxuer, 1894, p. 827 (type species Agrophis sarasinorum MULLER, 1894, by 

monotypy). 

Typhlogeophus Casto DE Eirera, 1895, p. 425 (erroneous subsequent spelling). 

DeEFINITION: Head not distinet from neck; internasals present, smaller 

than enlarged prefrontals; loreal present or absent; preocular generally 

absent (present in P. longiceps) and prefrontal usually borders orbit; an- 

terior temporals absent; 5 or 6 upper labials; scales in 15 longitudinal rows 

throughout, smooth, without apical pits; subeaudals paired; anal plate sin- 

ole; pupil round; maxillary teeth 8 to 21; hypapophyses absent on posterior 

vertebrae; hemipenes and suleus spermaticus forked (in those species whose 

hemipenes have been examined). 

Remarks: The genus Pseudorabdion was established by Jan (1862, 

p. 10) to accommodate a single species, Rabdion torquatum Dumeéril, Bibron, 

and Duméril, which was formerly included with Rabdion forstent Duméril, 

Bibron, and Duméril in the nominal genus Rabdion Duméril [= Rhabdo- 

phidium Boulenger; type species R. forstent by subsequent selection by 

Leviton, 1958, p. 44]. 

Ginther (1864, p. 199) proposed the genus Oxycalamus for a single 
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species, Calamaria longiceps Cantor. In 1873, he transferred Rhabdosoma 

oxycephalum Giinther (1858) to this genus. Boulenger, in 1894, referred 

Oxycalamus to the synonymy of Pseudorabdion |[=Pseudorhabdium Bou- 

lenger| having shown that Calamari longiceps Cantor and Rabdion tor- 

quatum Dumeéril, Bibron, and Duméril were conspecific. 

In 1917, Taylor described a new species of Psewdorabdion, P. mcnam- 

arae, and in 1922 followed with a second new species, P. minutum. Thus 

four recognized species were assigned to Pseudorabdion: P. longiceps, P. mc- 

namarae, P. minutum, and P. oxrycephalum. 

Pseudorabdion longiceps, type species of the genus, is a distinctive 

species characterized by the presence of a small preocular, absence of the 

loreal, a large eye, 12 maxillary teeth, a rather narrow conical head, and a 

bifurcated hemipenis. In some of these characters P. longiceps agrees with 

its congeners; it differs in the details of ornamentation of the distal hemi- 

penial walls, the presence of a preocular shield, the greater number of max- 

illary teeth, and in the larger eye. 

Pseudorabdion mcnamarae has a loreal shield, thereby differing from 

both P. longiceps and P. oxrycephalum. However, fusion of the loreal and 

the prefrontal would result in a pattern of head scutellation almost identical 

with P. orycephalum. The supraocular and postocular shields are fre- 

quently fused together. The hemipenes of P. mcnamarae are identical in 

ornamentation to P. oxycephalum; they differ only in absolute length, P. 

mcnamarae having the shorter organ. Furthermore, both P. mcnamarae 

and P. oxrycephalum have 7 or 8 maxillary teeth, 4 or 5 less than in P. 

longiceps. 

Little need be said in regard to P. minutum at this time. It is very close 

to P. mcnamarae, differing only in having fewer subeaudals and the absence 

of a light nuchal collar. 

Pseudorabdion oxrycephalum appears to be the most highly adapted 

species in the genus. The loreal and preocular are both absent. The supra- 

ocular and postocular are fused together and both are fused to the ocular 

shield. The head is rather broad and the eye is very small (in some speci- 

mens the eye appears only as a slight darkened bulge beneath a thickened 

ocular shield). There are 8 maxillary teeth, and the tail is very short. 

Over-all similarity among the four species of Pseudorabdion would in- 

dicate they are congeneric. 

In 1879, Giinther erected the genus T'yphlogeophis for a presumably 

new species of blind burrowing snake, 7. brevis. Exeept for the character 

of the eye, which is said to be absent in this species, we believe it is indis- 

tinguishable from P. oxycephalum. Mr. J. C. Battersby and Dr. H. W. 

Parker of the British Museum have kindly reexamined the type of 7. brevis 

and concur in this view. However, they have stated (in litt.) that the con- 
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dition of preservation of the specimen does not permit a definite statement 

regarding the presence or absence of the eye. 

In 1922, Taylor described a second species of T'yphlogeophis. In T. ater 

the eye was said to be clearly visible, although “hidden” under the ocular 

shield. We have examined the type and find the condition of the eye to 

be similar to that in P. orycephalum, specimens of which had not been seen 

by Taylor. Differences in head scutellation and dentition suggest 7’. ater is 

specifically distinet from P. oxycephalum, but not generically distinct. 

At the time Miiller (1894) proposed the nominal genus Agrophis, based 

upon a single species of A. sarasinorum, he suggested it might be con- 

generic with Oxrycalamus Giinther. Agrophis sarasinorum is a distinctive 

species possessing 1) a loreal shield, 2) 14 subequal maxillary teeth, 3) a 

large divided nasal shield, and 4) in having the mental separated from the 

anterior chin shields. The loreal shield is similar in appearance to that in 

P. mcnamarae and there are only two more maxillary teeth than are found 

in P. longiceps. The distinguishing characters of A. sarasinorum are, there- 

fore, items 3 and 4. The hemipenes of this species are unknown. If they 

are found to be similar to those known among other species of Pseudorab- 

dion, aS we suppose, Agrophis should be placed into the synonymy of 

Pseudorabdion. In the present work we tentatively regard Agrophis as a 

synonym of Pseudorabdion. 

Two additional species, usually assigned to Agrophis, Geophis albonu- 

chalis Giinther, and A. saravacensis Shelford, are more similar to P. mc- 

namarae than to A. sarasinorum. An elongate loreal is present in both 

species, the mental is in contact with the anterior chin shields, and the nasal 

shield, although somewhat larger than in species of Pseudorabdion, is un- 

divided. There is a marked similarity between these species and Pseudo- 

rabdion in the relationships of the head shields, although this may be the 

result of convergence among morphologically adapted groups; G. albonu- 

chalis agrees rather closely with 7. ater, and A. saravacensis with P. mc- 

namarae and with a species described in this paper as new, P. taylori. 

Agrophis saravacensis differs from all mentioned species in the large num- 

ber of maxillary teeth, 18 to 21 according to Mr. J. C. Battersby (in litt.). 

The dentition of G. albonuchalis is not known. Based upon the evident 

agreement in scale patterns we are led to conclude that G. albonuchalis and 

A. saravacensis should be assigned to Pseudorabdion. 

Two new species are described in this paper, P. montanum and P. tay- 

lori. Of these, Pseudorabdion taylori is of special interest inasmuch as it 

appears to be intermediate between P. mcnamarae and the Bornean species 

assigned to Agrophis. There is agreement with P. mcnamarae in the denti- 

tion. However, in the larger size of the nasal shield, P. taylori approaches 

A. saravacensis. The ornamentation of the distal portions of the hemipenes 
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in P. taylor differs from other species of Pseudorabdion. The differences 

are of details and do not affect the generic assignment of the species. 

In summary, we conclude: 1) P. longiceps, P. mcnamarae, and P. oxy- 

cephalum are presumed to be congeneric as previously held (Auct.); 2) 

Typhlogeophis brevis and P. oxycephalum are probably conspecific and 

Typhlogeophis must be placed into the synonymy of Pseudorabdion; 3) 

Typhlogeophis ater must be transferred to Pseudorabdion; 4) Agrophis 

sarastnorum is probably congenerie with P. mcnamarae; 5) Geophis albo- 

nuchalis and A. saravacensis are both similar to P. mcnamarae and must 

be transferred to Pseudorabdion. 

In the following pages each of the recognized species now included in 

Pseudorabdion is diseussed in some detail. Two new species are described. 

Of the twelve nominal species placed in the genus, nine are recognized: 

Geophis albonuchalis Ginther = Pseudorabdion albonuchalis (Giinther) 

Typhlogeophis ater Taylor = Pseudorabdion ater (Taylor) 

Typhlogeophis brevis Ginther = Pseudorabdion orycephalum (Giinther) 

Calamaria longiceps Cantor = Pseudorabdion longiceps (Cantor) 

Pseudorhabdium mcnamarae Taylor = Pseudorabdion mcnamarae Taylor 

Pseudorhabdium nunutum Taylor = Pseudorabdion mcnamarae Taylor 

Pseudorabdion montanum Leviton and Brown, new species 

Rhabdomosa oxycephalum Giinther = Pseudorabdion oxycephalum (Giin- 

ther) 

Agrophis sarasinorum Muller = Pseudorabdion sarasinorum (Miller) 

Agrophis saravacensis Shelford = Pseudorabdion saravacensis (Shelford) 

Pseudorabdion taylori Leviton and Brown, new species 

Rabdion torquatum Duméril, Bibron, and Duméril = Pseudorabdion lon- 

giceps (Cantor) 

KEY TO THE SPECIES OF PSEUDORABDION 

la. Loreal shield absent; prefrontal in contact with upper labials. 

2a. Preocular present; supraocular present; internasal not in contact with upper 

labials: maxillany<teeth sila 2 ee eee ee ee eee P. longiceps 

2b. Preocular absent; supraocular present or absent; internasals almost always 

in contact with upper labials. 

3a. Supraocular absent; frontal borders orbit; maxillary teeth more than 10 

ee ee a 2 oe Re ee P. ater 

3b. Supraocular present, fused to postocular; frontal does not border orbit; 

maxillary teeth 10 or less. 

4a. Each scale of outer row with dark centers and light borders; ven- 

trals uniformly dark brown except for extreme posterior outer edges 

which are light; ocular shield usually fused to combined supra- and 

post-oculars; subcaudals ( ¢) 22-24, (9?) 16-17........ P. oxycephalum 

4b. Each scale of outer row with light centers; ventrals whitish with 

dark brown more or less confined to a broad median band; ocular 



Vout. XXIX] LEVITON AND BROWN: THE GENUS PSEUDORABDION 481 

shield not fused to combined supra- and postoculars; subcaudals 

(CARVED Semi COB EAS Oa bei ee ee ee ae ee ree eet P. montanum 

1b. Loreal shield present; prefrontal not in contact with upper labials. 

5a. Anterior chin shields not in contact with mental; nasal shield divided_....... 

aa ee es REEL ON oN TE ee ae een: P. sarasinorum 

5b. Anterior chin shields in contact with mental; nasal shield not divided. 

6as Erontal borders orbit; ventrals 141 22 2 ee P. albonuchalis 

6b. Frontal does not border orbit. 

7a. Ventrals 113; maxillary teeth 18-21; nasal shield large, its upper 

edgeuhies atleveliot toprotieyc@e ne ee P. saravacensis 

7b. Ventrals 122-145; maxillary teeth 7-9; nasal shield moderate to 

minute, its upper edge lies below level of top of eye. 

8a. Light nuchal collar usually present; subcaudals 17-30; distal 

portion of hemipenes minutely spinose —......... P. mcnamarae 

8b. Light nuchal collar absent; subcaudals more than 30; distal 

portion ot henimenesncallyCaluitemess ce eee P. taylori 

Pseudorabdion longiceps (Cantor). 

Figures 1 and 2. 

Calamaria longiceps CANTOR, 1847, p. 910, pl. 40, fig. 1 (type locality: Pinang, Malay 

Peninsula; type in British Museum; original description). 

Oxrycalamus longiceps GUNTHER, 1864, p. 199 (redescription of type specimen). 

STOLICZKA, 1873, p. 120 (Malaya [Penang]; description). BLANForD, 1881, p. 218 

(Singapore). 

Pseudorhabdion longiceps BOULENGER, 1885, p. 389 (Nias Island). DE JEUDE, 1890, p. 

183 (Sumatra [Singkarah]). Borrrcrr, 1891, p. 107 (Sumatra [Deli]). BouLren- 

GER, 1903, p. 175 (listed). Bourret, 1936, p. 266, text-fig. 105 (synonymy, descrip- 

tion, distribution compiled). HAAs, 1950, p. 562 (distribution compiled). TWEE- 

DIE, 19538, pp. 51, 122, 129, text-fig. 12a—b (description); 1957, pp. 53, 126, 133, 

text-fig. 13a—b (description). 

Pseudorhabdium longiceps BOULENGER, 1894, p. 329 (Borneo [Pontiana]; Nias; Su- 

matra [Deli]; Malaya | Perak, Pinang, Singapore]; description, counts and meas- 

urements of material examined); 1896, p. 646 (Borneo [Sarawak]). FLOWER, 

1896, p. 886 (Malaya [Penang Hill, Perak, Singapore, Wellesley Prov. |). WERNER, 

1896, p. 17 (Sumatra; counts). BorTrGrrR, 1898, p. 82 (Borneo [Pontianak]). 

FLower, 1899, p. 674 (distribution compiled). SCHENKEL, 1901, p. 163 (Sumatra 

[Indragiri, Oberlangkat|). Grirrin, 1911, p. 261 (Luzon Island [after Peters, 

1861; probably in error]). BarsBour, 1912, p. 119 (Sumatra). BouLrenGcer, 1912, 

p. 154 (Malaya [Pahang (Gunong Tahan), Penang, Perak, Selangor, Singapore]; 

Borneo; Sumatra; Celebes; Philippine Islands [probably in error]; descrip- 

tion). SmirH, 1916, p. 161 (Siam [Ban Gnara, Patani]; note on eggs). pr Room, 

1917, p. 146, text-fig. 61 (Borneo [ Kuching, Penrissen Road, Pontianak, Sarawak, 

Sebruang Valley, Simanggang]; Celebes [Macassar|]; Nias; Sumatra [| Ajer- 

bangis, Deli, Gunung, Indragiri, Langkat, Sahilan, Singkarah]; Malaya [ Penang, 

Singapore]; Philippine Islands [probably in error]; description, distribution). 

ROBINSON and Ktoss, 1920, p. 303 (listed). Taynor, 1922a, p. 178 (distribution 

compiled; description quoted from Boulenger, 1894). Smirn, 1922, p. 267 (Ma- 

laya [Fraser’s Hill]; not seen). DE Roots, 1922, p. 234 (not seen). SworpeEr, 

1925, p. 65 (not seen). LONNBERG and RENDAHL, 1925, p. 2 (Sumatra [Bandar 
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Basoe]). CHASEN and SMEDLEY, 1927, p. 253 (Riou Archipelago [Pulu Galang]; 

not seen). WERNER, 1929, p. 164 (listed). BronaersmaA, 1931, p. 35 (Sumatra) ; 

1933, p. 22 (listed) ; 1934, p. 198 (listed). 

Pseudorabdion longiceps SmiTuH, 1930, p. 57 (Malaya [Patani (Bangnara), Singa- 

pore]). SMEDLEY, 1931, p. 50 (listed). Suvarri, 1950, p. 502 (listed). 

Rabdion torquatum DuMeéRIL, 1853, p. 441 (nomen nudum). DumeriL, Brsron, and 

DuMERIL, 1854, p. 119 (type locality: Macassar; type in Paris Museum; original 

description). CAsTO DE ELERA, 1895, p. 426 (various Philippine localities listed, 

but source of data unknown). 

Pseudorabdion torquatum JAN, 1862, p. 10 (listed); 1863, p. 30 (listed) ; 1865, Livr. 

LO! plysh fies 3: 

Rhabdion torquatum Perers, 1861, p. 684 (listed). Borrrarr, 1886, p. 106 (distribu- 

tion compiled). 

MATERIAL EXAMINED (17): Malaya: CAS 16761-16767, SU 8546-8548 

Singapore; SU 7805, 13191 Johore. Sumatra: USNM 822138, 82216, 82218 

Tebing Tingei; AMNH 2897-2898 (no exact locality). 

TAXONOMIC NOTES: This is the most widely distributed species of 

Pseudorabdion. It differs from the other species in possessing a preocular 

shield. In other characters P. longiceps agrees most closely with P. oxry- 

cephalum and P. ater. 

Pseudorabdion longiceps would appear to be the least specialized species 

of the genus. The eye is proportionally larger in relation to snout length, 

a preocular is present, the supraocular is large and prevents both prefrontal 

and frontal shields from bordering the eye, the postocular is well developed, 

and there is no evidence of fusion between cireumorbital shields and the 

ocular seale. Among other species of Pseudorabdion there is a tendency 

toward reduction or loss of one or more of the lateral head shields and re- 

duction in the size of the eye. 

Peters’ record of P. longiceps from Luzon Island is regarded as doubtful 

(see also: Haas, 1950, p. 562); it seems that either the locality data accom- 

panying the specimen are in error or the identity of the specimen is incor- 

rect. Peters’ record has been widely quoted in the literature, generally with- 

out comment. 

Dracnosis: Loreal shield absent; preocular shield present; internasals 

not in contact with upper labials; supraocular shield present; frontal does 

not border orbit; anterior chin shields in contact with mental; maxillary 

teeth 11-12. 

ORIGINAL DESCRIPTION : “Strongly iridescent soot-coloured, a shade lighter 

beneath; the seuta and seutella edged with whitish. Eyes and tongue black. 

“Seuta, 131; scutella, 26. 

““Hab.—Pinang. 

“The head is elongated, narrow, conical, the muzzle rounded, projecting 

over the lower jaw. The anterior frontals are much smaller than the frontals, 
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which on the sides occupy the place of the absent frenal shield, and thus 

reach the second upper labial; the nasal is very small, rectangular, perfo- 

rated by the rather large nostril near the lower anterior angle. The eye is 

comparatively large, between an obliquely placed rectangular preorbital and 

a similar postorbital shield; the supraorbitals are narrow, rectangular; the 

vertical, moderate, pentagonal, arched, and somewhat narrower at the 

anterior margin. The oecipitals, the largest, are elongated, bordered below 

by the large fifth upper labial, and behind by a single pair of post-oecipitals. 

Each jaw has five pairs of labials. Of the two pairs of mentals, the anterior 

is the longer, and is enclosed by the rostral and three anterior labials, the 

posterior pair by the fourth labial. The teeth are minute, sharp, reclining, 

all of equal size. The trunk is eylindrical, narrowed toward both extremi- 

ties, covered with fifteen longitudinal series of smooth rhombic imbricate 

seales. The abdomen is arched, the short tail tapering to a blunt point. 

This species approaches to Calamarva alba, Linné (C. brachyorrhos Schle- 

gel), but differs by its elongated shape of the shields of the head and its 

larger eyes. A single individual, captured by W. T. Lewis, Esq., on the 

Great Hill of Pinang, was of the following dimensions: 

eneihvor thekwead ecco cin 0% inch. 

menethoisthe trumk 8.70.32 ac oe 5  inehes. 

menethtot theta s.2..2., 4.62 .2e0r 0% inch. 

61 inches. 

“Circumference of the trunk 3°, of the neck 3g, at the root of the tail 

38 inch.” 

SUPPLEMENTAL DESCRIPTION: Maxillary teeth 11-12; nasal small, longer 

than deep, undivided; loreal absent; internasals and prefrontals in contact 

with upper labials; preocular present; supraocular present, in contact with 

preocular; postocular present, distinct from supraocular; ocular shield 

not fused to cireumorbital shields; anterior temporals absent; parietals in 

contact with fifth upper labial; 5 upper labials, the third and fourth bor- 

dering the orbit; 5 lower labials, the first 3 in contact with the anterior chin 

shields; mental in contact with chin shields; ventrals 129-148; subeaudals 

17-29; anal plate single; total length 83-216 mm.; tail of total .074-.149. 

Hemipenes extend to the twelfth subeaudal plate, forked at the end of 

the eighth plate; inner walls ornamented with longitudinal ridges except 

distally where minute spines are present in forked sections; no calyces or 

flounces present. 

Color (in aleohol) above uniform dark brown; below medium brown ex- 

cept anterior surface of chin and lower portions of upper labials which 

are lighter; young have a narrow whitish collar at the level of the fourth 
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ventral plate, and a short whitish vertical bar or blotch covering parts of 

the fifth upper labial, the posterior edge of the posterior temporal and part 

of the parietal. 

Figure 1. Pseudorabdion longiceps. Dorsal view of head. 

Figure 2. Pseudorabdion longiceps. Lateral view of head. 

SEXUAL DIMORPHISM: Dimorphism in ventral and subeaudal counts is 

clearly indicated by the data. Males have fewer ventrals and more sub- 

caudals than females. However, no differences are evident when the totals 

of ventrals plus subeaudals are compared between sexes. A summary of 

these data are presented in table I. 
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TABLE I 

Sexual dimorphism in ventral and subcaudal counts between sexes 

in Pseudorabdion longiceps. 

Male Female 

Shields No. Mean + S. D. Range No. Mean+ S.D. Range 

Wentnralss 22.3... 25.5: 5 132.4 2.79 129-135 iLL 144.1+ 2.82 140-148 

Subcaudals ................ 5 27.2+0.40 26-29 11 18.4+0.43 17-20 

Ventrals + Sube. _... 5 159.6+2.80 155-162 11 (GL 5) SE 3i,8383 157-168 

INTERISLAND VARIATION: As indicated by the data as summarized in tables 

II and III, there is little appreciable variation between Sumatran and Ma- 

layan samples. Malayan males have a few more ventral plates than Su- 

matran males, but this does not carry through with the females. It is 

doubtful that any significant conelusion can be based upon data drawn 

from the small sample of males studied. 

ECOLOGICAL NOTES: It seems singulary remarkable that a species which 

has been rather frequently collected should yield no data on habits or 

habitat. Little is known of these animals, but it is presumed they are simi- 

lar to other members of the genus. In this event, they probably feed for the 

most part on earthworms, are burrowers, and are oviparous in breeding 

habits. 

TABLE II 

Summary of subcaudal counts for samples of Pseudorabdion longiceps. 

Male Female 

Island No. Mean + S.D. Range No. Mean + S.D. Range 

Johore, M. P. ..........--.- 2 28.0 27-29 —- —- — 

Singapore, M. P. __...... ft 26 — 9 18.2+0.50 17-20 

SHUAMEE NEN ooo eee eee ree 2 27.0 26-28 2 19.0 18-20 

TABLE III 

Summary of ventral counts for samples of Pseudorabdion longiceps 

Male Female 

Island No. Mean =+ S. D. Range No. Mean + S.D. Range 

Johorey MEP. 22.--5.--2.:- 2 134.0 133-135 — —— —- 

Singapore, M. P. __.. aL 135.0 —— 9 143.6+ 2.90 140-148 

SiON ES eee eee 2 129.5 129-130 2 141.0 141 

Rance: Indonesia: Borneo (Kuching, Penrissen Road, Pontianak, Se- 

bruang Valley, Simanggang); Celebes (Macassar); Nias; Sumatra (Ajer- 
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bangis, Deli, Gunung, Indragiri, Langkat, Oberlangkat, Sahilan, Sing- 

karah, Tebing Tinggi). Malaya: (Bangnara, Fraser’s Hill, Johore, Pa- 

hang [Gunong Tahan]|, Perak, Pinang, Selangor, Singapore, Wellesley 

Province). Riow Archipelago: Pulu Galang. Thuland: (Ban Gnara, 

Patani). 

Pseudorabdion ater (Taylor). 

Typhlogeophis ater TAytor, 1922b, p. 202, figs. 6-7 (type locality: Pasanaka, Zambo- 

anga del Sur, Mindanao Island; type in California Academy of Sciences; origi- 

nal description). 

MATERIAL EXAMINED (1): Mindanao Island: CAS 62043 Pasanaka 

(Holotype). 

TAXONOMIC NOTES: Taylor placed this species in Typhlogeophis without 

explanation. He apparently did not compare it with specimens of Philip- 

pine Pseudorabdion. 

Pseudorabdion ater, known from only the type specimen, is most simi- 

lar to P. orycephalum but lacks a supraocular and has more maxillary teeth. 

The frontal shield borders the orbit and is very broad. The diameter of 

eye/snout length index is intermediate between P. oxycephalum and P. lon- 

giceps, but since this measurement is taken from a young specimen, it 

seems probable that the index would approach that for P. orycephalum in 

the adult. 

DiaGNosis: Loreal absent; preocular absent; internasal in contact with 

upper labials; supraocular absent, frontal shield bordering orbit; postocu- 

lar fused to ocular shield; anterior chin shields in contact with mental; 

maxillary teeth 12. 

ORIGINAL DESCRIPTION: ““Snout pointed, rostral higher than broad, dis- 

tinctly visible above; internasals small, about equal to one-fourth the pre- 

frontals, their mutual suture less than one-third the length of that between 

prefrontals, in contact with second labial; prefrontals large, touching two 

labials laterally, and ocular seale; no loreal; no preocular; frontal much 

broader than long, the anterior edge forming a straight transverse line on 

a level with the eyes; frontal about one-half the length of parietals, very 

broad, in contact with ocular; parietals elongate, nearly twice as long as 

wide, forming a mutual suture for more than half their length; nostril be- 

tween first labial, which is fused with the anterior nasal, and a small nasal; 

five upper labials, third and fourth bordering ocular, which covers eye; 

the scale has a rounded, transparent prominence on anterior part, through 

which the eye is distinctly visible; no postoecular distinet from ocular; no 

anterior temporals; one large posterior temporal bordering parietals, with 

two enlarged scales below it; no supraoculars; mental small, three times as 
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wide as deep; two pairs of chin shields, the anterior about three and one- 

half times the size of the second pair; three labials touching chin shields 

(four on right side) ; five lower labials. Ventrals 113, not keeled or angular; 

subeaudals 33; anal single; tail slender, pointed; scales smooth, in 15 rows, 

without apical pits. 

“Measurements of T’yphlogeophis ater sp. nov. 

mm. 

BB yet MMe ta Ofc aceon ong eae cereiceyey «aay sient sites saws wd 173 

SHOUG TOSVEML: 255 Aeepee meg nGus eisiaisaresac me A « 143 

ART Sie 2a ciety ete aR Oe Ia RNC ae 30 

Wai itlomOte Ga lic ck Nee pers cyte Ses ataktle ooeuko 1a. 808 4.5 

emer hp Ot miiea Ge srereae malaria ote alates. uteoth tg Sess 8 

NWerGlt: Wrote OG y=, 8 cpeetees oe exch tnttaciee sont seks 4 

“Color mam life-——Uniform blackish brown, somewhat iridescent above; 

belly and region under tail slightly lighter blackish brown; head colored 

like body.” 

SUPPLEMENTAL DESCRIPTION: Maxillary teeth 12; caudodorsal seale re- 

duce 6 (2+3 [23]) 4. 

Hemipenes extend to eleventh subeaudal plate, forked at end of seventh 

plate; proximally there are thick longitudinal ridges which become narrowed 

in the forked sections; minute spines are present distally; suleus lips very 

prominent. 

Remarks: The type specimen was collected from under a log in wet 

earth. (Taylor, 1922b, p. 203.) 

Rance: Mindanao Island: Pasanaka. 

Pseudorabdion oxycephalum ((Giinther). 

Figures 3 and 4. 

Rhabdosoma oxrycephalum GUNTHER, 1858, p. 242 (type locality: Philippines; type in 

British Museum; original description). 

Oxrycalamus oxycephalus GUNTHER, 1873, p. 168, figs. (counts of material examined). 

BoeTTGER, 1886, p. 105 (listed). Castro DE ELrra, 1895, p. 425 (Luzon Island [ Nueva 

Ecija, Bataan]). 

Pseudorhabdium oxycephalum BouLENGER, 1894, p. 329 (Negros Island; description). 

GRIFFIN, 1911, p. 262 (listed in key). Taytor, 1917, p. 364 (listed) ; 1922a, p. 179, 

fig. 14 (description after Boulenger, figs. after Giinther [not Boulenger as 
stated]). 

Typhlogeophis brevis GUNTHER, 1879, p. 77 (type locality: Mindanao or Dinagat 

Island; type in British Museum; original description). Borrrcrr, 1886, p. 106 

(listed). BouLeNGeEr, 1894, p. 351, pl. 20 (redescription of type specimen). 

GRIFFIN, 1911, p. 262 (listed in key). Taytor, 1922a, p. 188, text-fig. 16, pl. 24, 
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figs. 1-4 (description and figs. after Boulenger) ; 1922b, p. 202 (comparison with 

T. ater); 1928, p. 236 (listed in distribution chart). 

Typhlogeophus brevis CASTO DE ELERA, 1895, p. 425 (listed). 

MATERIAL EXAMINED (21): Negros Island: SU 18211-18212 Anopogon 

area, about 8 km. southwest of Siaton; SU 18213-18215, 18221 ridge on 

north side of Maite River, about 5 km. west of Luzuriaga; SU 18220 ridge on 

south side of Maite River, east side of Cuernos de Negros; SU 18216-18217 

upper Mahaja Valley, about 14 km. west of Mayaposi Hill; SU 18218, 18222— 

18223, 18757 Mayaposi environs, about 23 km. west of Bais; SU 18219 about 

5 km. south of Mayaposi Hill; SU 13192 Dumaguete; SU 19877-19878 

Dungea Sitio, 16 km. south of Toyum Barrio, Cauayan Town; SU 18210 

Calaogao Barrio, Cauayan; CNHM 61624 Mabaha, Bais; CNHM 61429 

Tnubungan, Sta. Catalina. Calamian Island: CAS 15296 (without exact 

locality ). 

TAXONOMIC NOTES: This small, distinctive species of Pseudorabdion, 

once thought to be rare, has been found with increasing frequency on Negros 

Island. The species has been recorded from other islands, Luzon (Casto 

de Elera, 1895), Mindanao or Dinagat (type of T'yphlogeophis brevis Gin- 

ther), and the Calamianes (specimen in the collection of CAS), but these 

records need confirmation. 

Typhlogeophis brevis Giinther, based upon a single specimen said to 

have come from Mindanao or Dinagat islands, has been distinguished from 

P. oxycephalum in having its eyes “hidden” beneath the ocular shield. Mr. 

James C. Battersby of the British Museum has reexamined the type of 

T. brevis and has supplied the following information (in litt.) : “The heads 

of brevis and orycephalum appear very close except that in orycephalum 

the eye can be seen whereas in brevis it cannot. This is due, I think, to the 

condition of the specimen which probably had a banging about before death 

and some scales have become white and obscured.” In P. oxycephalum the 

eye is covered by an ocular shield which has become fused with the post- 

ocular and supraocular shields; and we have examined several specimens 

in which the ocular shield has become noticeably thickened, the eye being 

visible only as a dark circular area. In the absence of other characters by 

which to separate the nominal species, we regard them as conspecific and 

place 7. brevis in the synonymy of P. oxycephalum. 

Pscudorabdion oxycephalum, endemic to the Philippine Islands, does 

not appear to be close to Celebesian or Bornean species. Indeed, its closest 

relative, P. montanum, is at present known only from the highlands on 

Negros Island. 

Diagnosis: Loreal absent; preocular absent; internasal in contact with 

upper labials; supraocular and postocular shields fused together and to 
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ocular shield; anterior chin shields in contact with mental; maxillary teeth 

8; centers of outer scales dark, edges light; ventrals uniformly dark except 

for narrow posterior edges which are light. 

ORIGINAL DESCRIPTION : “Upper labials five, the third and fourth coming 

into the orbit; the fifth forming a long suture with the occipital shield; one 

temporal shield behind the suture. Uniform dusky blackish ash. 

a. Adult. Philippines. From Mr. Cumineg’s collection. 

“Deseription of the specimen.—Body moderate; tail very short, rather 

distinet from trunk, tapering; head small, narrow, with rather elongate 

and pointed muzzle, not distinct from neck; eye very small. Rostral shield 

small, with a slight groove in front just reaching the surface of forehead; 

anterior frontals small, posterior ones very large, forming the upper an- 

terior edge of orbit, in direct contact with the second and third labial 

shields; vertical six-sided, as broad as long, with an obtuse angle in front 

and an acute one behind, lateral edges short, nearly parallel; occipitals 

moderate; superciliary small, and in this specimen it is united with posterior 

ocular; this may prove a peculiar character of the species. The loreal, which 

in the other species of Rhabdosoma forms a separate shield together with 

the anteorbital, is here united with the posterior frontal; five upper labials, 

the third and fourth coming into the orbit; the fifth as large as the pre- 

ceding together, and forming a suture with the occipital shield, as in Rhab- 

dion; one large temporal shield, not in contact with the shield behind the 

eye; two very small nasals, nostril between; medial lower labial small, the 

other labials narrow; two pairs of large chin-shields. Seales rather large, 

in fifteen rows; anal entire. Above uniform dusky blackish ash, the edges of 

the scales in the lateral series and of the ventral plates highter. Teeth equal, 

smooth. Length of cleft of mouth 3¢”; length of tail 34”; total leneth 12’’.” 

SUPPLEMENTAL DESCRIPTION: Maxillary teeth 8; nasal small, longer than 

deep, undivided, in contact with first upper labial only; prefrontals large, 

in contact with two upper labials and borders orbit of eye; preocular absent; 

postocular 1, small, fused to supraocular and to ocular shield; anterior tem- 

porals absent; parietals in contact with two upper labials; 5 upper labials, 

the third and fourth bordering the orbit; 5 lower labials, the first 3 in con- 

tact with the anterior chin shields; mental broader than deep, in contact 

with chin shields; ventrals 132-157; subeaudals 16-24; caudodorsal scales 

reduce 6 (2+3 [9-11]) 4; total length 111-282 mm.; tail of total .058—.115. 

Hemipenes extend to the twelfth subeaudal plate, forked at the end of 

the tenth plate; suleus forked; longitudinal ridges line walls except dis- 

tally in forks where there are minute spines. 

Color (in alcohol) uniform brown above, the posterior edges of the 

lateral scales and of the ventrals somewhat lighter than other parts of the 

seale, the darkest color being located at the base of each seale. 
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Color (in life) dark reddish brown to blackish above with more or less 

of a silvery iridescence and, generally, a more or less distinct darker ver- 

9 
Figure 3. Pseudorabdion oxrycephalum. Dorsal view of head. 

UR ye Was he 

Figure 4. Pseudorabdion oxycephalum. Lateral view of head. 
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tebral stripe. Ventro-lateral surfaces, lower labials, chin shields, ventrals 

and subeaudals colored as above but each seale with light margins. 

SEXUAL DIMORPHISM: The dimorphism in ventral and subeaudal counts 

and in the ratio of tail length/standard length is striking. Data for these 

are summarized in table IV. 

TABLE IV 

Sexual dimorphism in several characters in Pseudorabdion oxycephalum. 

Male Female 

Character No. Mean+S.D. Range No. Mean+S.D. Range 

iViemtUnmalls) 222.222 s.----s.-:. a 139.3+4.74 132-144 14 151.1+4.00 144-157 

Subcaudals ................ it 23.0+0.81 22-24 13) 1G 7/s=(0) el 16-17 

Raleneth/Sil) 2 = 6 114+ .0076 .108—.129 13. .0724+.0058 .061—.082 

INDIVIDUAL VARIATION: Among the specimens examined no differences 

were noted in the relative size, arrangement, or number of head shields, 

in the number of maxillary teeth, or in the fusion of the postocular and 

supraocular shields to each other and to the ocular shield. The numbers of 

ventrals and subeaudals alone were found to vary, and even this variation 

was within narrow limits within sexes. 

Eco.ocicaL Notes: Available data indicate that the specimens studied 

were collected between sea level and 3500 feet; ten of the 21 specimens were 

taken between 1700 and 2500 feet, and they were found either burrowed into 

the ground or under logs and rocks. 

Annelid worms were found in the stomachs of three individuals. 

Three females contained eges in the oviduct; three eggs were present in 

one specimen, two in each of the others. The largest egg measured 20.5 mm. 

in leneth. The specimens containing eggs were collected on August 12, 1940, 

October 21-23, 1954, and on May 8-30, 1956. All were from Negros Island. 

Rance: Negros Island: Negros Oriental Province (Dumaguete; Ma- 

baha; Anopogon area; north side of Maite River 5 or 6 km. west of Luzuri- 

aga; south side of Maite River on east slope of Cuernos de Negros; upper 

Mahaja Valley; Mayaposi environs; 5 km. south of Mayaposi Hill); Negros 

Occidental Province (Calaogao Barrio; Dungga Sitio; Inubungan). 

Localities needing confirmation include: Luzon Island: Nueva Ecija 

Province; Bataan Provinee. Mindanao or Dinagat islands. Calamianes 

Islands. 

Pseudorabdion montanum Leviton and Brown, new species. 

Figures 5 and 6. 

Diacnosis: Loreal usually absent, but when present not elongate and 
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not bordering orbit; preocular absent; internasal usually in contact with 

upper labials; prefrontal in contact with upper labials and bordering orbit; 

supraocular and postocular shields fused together but not fused to ocular 

shield; anterior chin shields in contact with mental; scales of outer rows 

with white centers; venter whitish, dark brown restricted to the midventral 

area, or if moderately distributed then only to the anterior half of the 

ventral shield; 9 maxillary teeth. 

Ho.oryre: Stanford University Reptile Register 21080, adult female, 

collected on the north side of the north peak of Cuernos de Negros, Negros 

Oriental Province, Negros Island, by W. C. Brown, M. Pinero, and T. 

Serate, April 22, 1958. 

PaRATYPES: (3): CAS 85476, SU 21081, 21083 collected at the same 

locality as the holotype by A. Aleala and T. Serate, April 22—May 6, 1958. 

DESCRIPTION OF TYPE: Rostral small, barely visible from above, slightly 

more broad (2.4 mm.) than deep (2.2 mm.); internasals small, about one- 

third as large as prefrontals, in contact with second upper labial on left 

side, but not on right side; prefrontals large, in contact with second and 

third upper labials, bordering orbit; frontal as broad as long, about seven 

times as broad as supraocular and about two-thirds as long as parietals; 

nasal small, twice as long as deep, undivided, with a small nostril pierced 

near the anterior end; on right side a small loreal is present, formed from 

part of the prefrontal and part of the internasal; loreal not present on left 

side, although a short vertical suture is in evidence on the prefrontal (no 

loreal is present on any of the paratypes); preocular absent; one small 

postocular present, fused to supraocular, but not to ocular shield; anterior 

temporals absent; parietal in contact with fifth upper labial; five upper 

labials, third and fourth bordering the orbit, fifth the largest; mental al- 

most twice as broad as deep, in contact with anterior chin shields; latter 

shields about one and one-half times as large as posterior pair; five lower 

labials, the first three in contact with anterior chin shields. 

Seales in 15 longitudinal rows throughout; caudodorsal scales reduce 

6 (—2 [8]) 4; ventrals 161; subeaudals 21; anal plate single. 

Color (in aleohol) above dark iridescent purplish brown, becoming 

slightly hghter on the sides; scales of outer two rows with white centers, 

most prominent on anterior one-third of body; a whitish blotch present just 

behind angle of jaws extends to fourth scale row, and joins with white of 

venter; below whitish with a broad median dark area which covers more 

extensive areas of the ventrals posteriorly, but never more than one-half 

of the shield. 

Measurements (in mm.): Standard length 495; tail length 36; head 

length 18.8; head width 10.4; snout length 6.1; diameter of eye 1.5. 
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Hemipenes (based on CAS 85476) very similar to P. oxycephalum; organ 

extends to end of eleventh subeaudal plate, forked at end of ninth plate; 

suleus spermaticus forked; walls of unforked portion ornamented by a few 

distinct longitudinal ridges; forked portion of organ spinose, the spines 

being small and of uniform size. 

Ay 

er 
Figure 5. Pseudorabdion montanum. Dorsal view of head of holotype. 

Figure 6. Pseudorabdion montanum. Lateral view of head of holotype. 

VARIATION: Except for the absence of the loreal shield and for expected 

differences in ventral and subeaudal counts, the paratypes agree very closely 

with the holotype. Counts and measurements for these specimens are sum- 

marized in table V. 

TABLE V 

Summary of measurements and counts for specimens of Pseudorabdion montanum. 

Standard Tail 

Specimen Sex Ventrals Subcaudals Length Length 

) 161 21 495 36 
9 154 22 133 13 

WN SIR5 476 Ue te FAS 3 148 28 250 38 
3 145 28 122 16 
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SEXUAL DIMORPHISM: Two of the four specimens are females, two are 

males. As evidenced by the data given in table V the sexes differ in ventral 

and subeaudal counts. Marked dimorphism is also indicated by comparing 

the tail leneth/standard length ratios; two males range from 0.128—0.152, 

two females range from 0.073-0.098. It is noteworthy that the upper 

limit of the ratio, 0.152, is for the largest male, and the lower limit, 0.073, 

the largest female. These data would indicate that there is a considerable 

difference in the rate of growth of one part of the body relative to another 

part, in this case tail versus body, between sexes. 

REMARKS: Pseudorabdion montanum is obviously very close to P. oxy- 

cephalum. From this latter species P. montanum differs most strikingly 

in size, in details of ventral and lateral color patterns, and in the absence 

of fusion of the ocular and combined supra- and postocular shields. These 

differences, however, are not very great from a taxonomic standpoint. Both 

species are found on the slopes of Cuernos de Negros, although they seem 

to occupy distinct altitudinal ranges; P. oxycephalum has been found be- 

tween sea level and perhaps 3000 or 3500 feet and P. montanum has been 

taken above 3500 feet. Pseudorabdion oxycephalum has been taken at other 

localities on Negros Island, and presumably elsewhere, but at present P. 

montanum is known only from the type locality. Exploration of the mon- 

tane forests in the Philippine Archipelago is necessary to determine the 

possible distribution of P. montanum and to evaluate further the status of 

its relationship to P. orycephalum. 

Pseudorabdion sarasinorum (Miiller). 
Figure 7. 

Agrophis sarasinorum MU.Luier, 1894, p. 827, text-fig. (type locality: Gunung (Vulcan) 

Soudara, northern Celebes; type in Basel Museum; original description). Bov- 

LENGER, 1897, p. 222, pl. 13, fig. 1 (Celebes [Lokon Volcano, nr. Tomohon; Mas- 

arang Volcano]; description). pr Roots, 1917, p. 143, text-fig. 59 (description; dis- 

tribution compiled). Haas, 1950, p. 561 (listed). 

MATERIAL EXAMINED (2): The holotype (Basel Museum 1678) and one 

other specimen (Basel Museum 1679) were examined for us by Dr. Lothar 

Foreart. 

TAXONOMIC NOTES: This species differs from other members of Pseudo- 

rabdion in not having the anterior chin shields in contact with the mental 

and in the larger, divided, nasal shield. Otherwise this species agrees with 

the “mcnamarae” group of the genus which is characterized by the pres- 

ence of an elongate loreal. 

DriaGnosis: Loreal shield present; preocular shield absent; supraocular 

shield present; frontal does not border orbit; anterior chin shields not in 

contact with mental; maxillary teeth 14. 
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ORIGINAL DESCRIPTION: “Rostrale rundlich spitz, weit nach hinter 

zwischen die internasalia zuriickgeschlagen vom Nasenlock aus beiderseits 

etwas eingeschnitten. Sutur der internasalia nur halb so lang als die der 

praefrontalia, letztere an der Augenbegrenzung teilnehmend. Frontale 

rhombisch, kaum linger als breit. Parietalia gross. 

“Nasalia 2, das vordere mit dem Nasenloch viel kleiner.—Supralabialia 

5, das erste an beide nasalia grenzend, das zweite an postnasale und frenale, 

das dritte an frenale und Auge, das vierte an Auge und postoculare, das 

fiinfte sehr lang, an das postoculare und der ganzen Linge nach an das 

parietale grenzend und dadurch den Kontakt der Schlafenbeschuppung 

mit d. postoculare ausschliessend. Letzteres sehr klein, viel kleiner als das 

supraoculare (linkerseits an unserem Exemplar mit dem parietale ver- 

schmolzen.) Parietalia hinter eingebuchtet abgestutzt, in der Einbuchtung 

eine grossere mediane Schuppe, von der hintern Vereinigungsstelle von 

lab. 5 mit parietale langs dieses letztern anliegend eine lange Nuchalplatte, 

die aber die mediane Schuppe an der Einbuchtung nicht erreicht. Das 1. 

Paar der infralabialia hinter der Spitze des mentale kaum in Spitzen- 

berthrung. Inframaxillaria in 2 Paaren, das zweite etwas kiirzer als das 

erste. 

“139 + 1 + 40.—Totallinge 235 mm., wovon der Schwanz 45 mm. Ob. 

dunkelgraubraun, stark irisierend, seitlich mehr rotbraunlich, unter 

schmutzigweiss, alle ventralia und subeaudalia vorne dunkler. 

“Sehr nahe verwandt (moglicherweise identisch trotz Anwesenheit eines 

Frenale) mit Oxyealamus oxyeephalus Gii. 

“Fundort: Gunung (Vulean) Soudara ea. 1200 m. 1 St.” 

cate 

W. Sehleer- 

Figure 7. Pseudorabdion sarasinorum. Lateral view of head of Basel Museum 1679. 

SUPPLEMENTAL DESCRIPTION: Maxillary teeth 14; mandibular teeth 17’; 

nasal large, divided, the anterior portion very small; loreal present, elongate, 

* Miller stated in the original description that there were 8 mandibular teeth. Dr. Forcart kindly reexamined 

the holotype and determined there were actually 17 teeth, but many were hidden by the gums. 
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bordering the orbit; 1 postoeular; 5 upper labials, the third and fourth bor- 

dering the orbit; prefrontals large, bordering the orbit; supraocular pres- 

ent; anterior chin shields do not contact mental but are separated by the 

first pair of lower labials; dorsal scales in 15 longitudinal rows throughout; 

ventrals 139-164 (after Boulenger, 1897, p. 222); subeaudals 36-40 (after 

Boulenger, loc. cit.). 

Color (in alcohol) above dark brown; below whitish, the anterior edges 

of the ventrals darker. 

Rance: Celebes Island: Residency of Manado (Sundara Voleano [alt.: 

4450 ft.]; Lokon Voleano [alt.: 5150 ft.]; Masarang Voleano [alt.: 4000 

Eta)" 

Pseudorabdion albonuchalis (Giinther). 

Geophis albonuchalis GUNTHER, 1896, p. 229 (type locality: Baram, Sarawak, Borneo; 

whereabouts of type unknown; original description). 

Agrophis albonuchalis BOULENGER, 1897, p. 222 (mentioned in text). pe Roorgs, 1917, 

p. 144 (description after Giinther). Haas, 1950, p. 561 (listed). 

Xylophis albonuchalis SHELFORD, 1901a, p. 58 (not seen). 

MATERIAL EXAMINED: None. 

TAXONOMIC NoTES: According to Mr. J. C. Battersby, the type cannot 

be located in the collections of the British Museum and, furthermore, there 

are no indications in the catalogue of the collections that the type specimen 

was ever deposited at the Museum. The whereabouts of the holotype of 

this species is, therefore, unknown. No other specimens have been collected. 

For remarks regarding the probable affinities of P. albonuchalis see the 

discussion under P. saravacensis. 

DraGnosis: Loreal shield present; preocular shield absent; supraocular 

shield present, small, permitting frontal to border orbit; anterior chin 

shields in contact with mental; ventrals 141; subeaudals 43. 

ORIGINAL DESCRIPTION: ‘‘Head narrow, snout pointed, body moderately 

stout, tail tapered; eye very small. Seales in 15 rows, without apical groove. 

Ventrals 141; anal entire; subeaudals 43. Anterior frontals triangular, 

small, only one-fourth the size of posterior, which enter the orbit. Vertical 

very large and broad, broader than long, reaching from one orbital margin 

across to the other, and pressing back the supraocular to the postero-su- 

perior angle of the orbit. Occipitals as long as the anterior shields together, 

and forming a long suture with the fifth upper labial. Two nasals. Loreal 

and anteocular confluent into one long shield. A minute postocular. Upper 

labials six, of which the third and fourth enter the orbit. Symphysial in 

direct contact with the mentalia, which are considerably longer than the 

post-mentalia. Six lower labials, the fifth long and narrow. 
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“Deep black, with a broad pure white collar, which covers half of the 

oceipitals and the neck. 

“One specimen, 91% inches long (of which the tail takes 1% inch), was 

discovered by Mr. Hose at Baram [Sarawak, Borneo].” 

RanGE: Known only from the type locality. 

Pseudorabdion saravacensis (Shelford). 

Agrophis saravacensis SHELFORD, 1901b, p. 516 (type locality: Kuching, Sarawak, 

Borneo; type in British Museum; original description; allied to Geophis albo- 

nuchalis).pE Roots, 1917, p. 144 (redescription of type). Haas, 1950, p. 561 

(listed). 

MATERIAL EXAMINED (1): The holotype was examined for us by Mr. 

James C. Battersby. 

TAXONOMIC NoTES: Only a single specimen of this Bornean species has 

been collected. It is evidently most closely allied to P. albonuchalis, also 

from Borneo. From this latter species P. saravacensis is distinguished by 

the lower number of ventrals and subeaudals, the frontal does not border 

the orbit (in this character P. albonuchalis approaches P. ater), and the 

nasal shield is undivided. Comparison of the descriptions of the two nom- 

inal species suggests a difference in the number of upper labials, but this 

probably results from different methods of counting the shield immediately 

following the fifth upper labial. 

A loreal shield is present in P. saravacensis, and for this reason Shelford 

included it in the genus Agrophis. However, P. saravacensis differs from 

P. sarasinorum, type species of Agrophis, in its smaller undivided nasal 

and in having the anterior chin shields and mental in contact. Both species 

have greater numbers of maxillary teeth than other species of the genus. 

Pseudorabdion saravacensis and P. albonuchalis are more similar to P. mc- 

namarae in head seutellation, however, than to P. sarasinorum. 

DraGcnosis: Loreal shield present; preocular shield absent; supraocular 

shield present; anterior chin shields in contact with mental; ventrals 113, 

subeaudals 26; maxillary teeth about 18-21. 

ORIGINAL DESCRIPTION: “‘Snout obtusely pointed. Rostral large, its 

breadth nearly equal to its depth; praefrontals large, nearly as long as the 

frontal; frontal large, rhomboidal, slightly longer than broad, shorter than 

the parietals. Supraocular and postocular very small; five upper labials, 

third and fourth entering the eye, fifth largest and forming a suture with 

the parietal. Anterior chin-shields in contact with the symphysial and with 

three lower labials, longer than the posterior chin-shields. Seales in 15 rows. 

Ventrals 113; anal entire; subeaudals 26. Tail pointed, dark brown, strongly 
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iridescent; a red blotch on each side of the head just above the angle of 

the jaw, and an irregular red band on the neck. 

“Total length 142 millim.”’ 

RANGE: Known only from the type locality. 

Pseudorabdion mcnamarae Taylor. 

Figure 8. 

Pseudorhabdium mcnamarae TAyYLor 1917, p. 363, text-fig. 2a—e (type locality: Can- 

laon Volcano, Negros Island; type in Carnegie Museum; original description) ; 

1922a, p. 180, text-fig. 15a—c (re-description of type); 1922b, p. 201 (suggests 

relationship to P. minutum). 

Pseudorhabdium minutum TAaytor, 1922b, p. 200, pl. 7, figs. 4-5 (type locality: Bal- 

balan, Kalinga Subprovince, Luzon Island; type in California Academy of Sci- 

ences; original description. 

MATERIAL EXAMINED (11): Luzon Island: CAS 61544 Kalinga Sub- 

province (Balbalan). Negros Island: MCZ 20091 Mt. Canlaon (paratype) ; 

SU 18208 ridge on north side of Maite River, 5-6 km. W. of Luzuriaga; 

SU 18209 Lake Balinsasayao area; SU 19533 Cabagnaan area, 16 km. east 

of La Castellana; SU 21086-21088, 21090 Dayungan, ridge on northeast 

peak of Cuernos de Negros; SU 21089 Maite River Gorge. 

TAXONOMIC NOTES: In possessing a loreal shield this species agrees with 

the Bornean and Celebesian species formerly placed in the genus Agrophis. 

In other characters P. mcnamarae approaches P. oxycephalum. Pseudo- 

rabdion taylori, a new species described herein from Mindanao, is obviously 

related to P. mcnamarae as is P. minutum, deseribed by Taylor from Luzon 

Island. 

In regard to P. minutum, Taylor concluded that it differed from P. 

mcenamarae “. . . iN numerous characters. The tail of this new species 

[minutum]| is proportionally much shorter, with fewer ventrals; the mark- 

ings and color are different; the frontal is shorter and truncate in front, and 

the rostral is smaller.” (Taylor, 1922b, p. 201.) 

The type of P. minutum, which was not sexed by Taylor, is a young fe- 

male. We have compared it with available specimens of P. mcnamarae and 

with counts and measurements of male and female P. mcnamarae given by 

Taylor (1922b, p. 180). According to Taylor the frontal shield in P. minu- 

tum is “... shorter and truncate in front.”’ We find this character of little 

value in distinguishing the two species. Among specimens of P. mcnamarae 

examined by us, including a paratype, the frontal is always broadly truncate 

in front, rather than triangular as indicated by Taylor. Furthermore, in 

so far as the “shorter” frontal is concerned, Taylor appears to have been 

unsure of this character in P. mcnamarae for he states that the frontal is 

“a little wider than long [p. 180],” “... equal width vs. length [p. 181],” 
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and “... length slightly exceeds width [p. 181].” (Taylor, 1922a, pp. 180— 

181.) The proportionally shorter tail and fewer ventral shields agree with 

female specimens of P. mcnamarae. 

The type specimen of P. minutum differs from specimens of P. mc- 

namarae in only two characters: 1) slightly fewer subeaudals, and 2) ab- 

sence of a light nuchal collar. Because of the shortness of the tail in these 

forms and because of the relatively few subcaudal shields normally present, 

the difference of three subeaudal shields between the minimum for P. 

mcnamarae and the count for P. minutwm may be significant. However, 

it must be noted that the single specimen of P. minutwm was collected in 

the highlands of Kalinga Subprovinee, on Luzon Island, at an altitude in 

excess of 5000 feet. It is not unusual for snakes that live at higher eleva- 

tions to have fewer ventral and subeaudal shields than individuals of the 

same species frequenting lower altitudes. 

We do not believe that available data indicate P. minutum and P. mc- 

namarae are specifically distinct. 

Diacnosis: Loreal shield present; preocular shield absent; supraocular 

present; ocular shield rarely fused to other shields; anterior chin shields in 

contact with mental; maxillary teeth 8; subcaudals less than 30; distal 

portion of hemipenes with minute spines. 

ORIGINAL DESCRIPTION: “‘Rostral small, about as wide as high, a large 

part visible from above; internasals moderate, five-sided, sutures with nasal 

and prefrontal equal; forms its shortest suture with the loreal; prefrontals 

nearly three times as large as internasals, entering eye, touching frontal, 

loreal, internasal, and supra-ocular; longest suture with loreal, shortest 

with supra-ocular; frontal hexagonal, a little wider than long, sides touching 

supra-oculars shortest, parietal sides longest; parietals at least twice as long 

as wide, six-sided, in contact with fifth labial; nasal rectangular, much 

elongate, with nostril pierced near anterior edge close by the rostral; behind 

this is a very much enlarged, elongate, coffin-shaped loreal, in contact with 

second and third labials, entering eye; supra-ocular extending over only 

posterior part of eye and somewhat behind; postocular fused with supra- 

ocular; no anterior temporals; a single large posterior temporal lies behind 

fifth labial, bordering on the parietal; five upper labials, fifth largest, in 

the following order of size: 5, 3, 4, 2, 1; third and fourth enter eye; lower 

labials five; mental small, in contact with anterior chin shields, separating 

first labials; three labials touch anterior chin shield; second pair of chin 

shields slightly smaller; anal undivided; ventrals, 140; subecaudals, 22; eye 
very small; scales smooth, in 15 rows. 

“Color in life—Above very shiny, more or less iridescent, dark blackish 

brown to bluish brown; about the neck is a more or less distinct yellow col- 

lar (dim or wanting in adults) formed above by three or four small yellow 
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spots; a cream-colored spot on the fifth upper labial; below canary to yel- 

lowish cream with a dark area on the outer edges of each ventral; latter 

ventrals mottled and subeaudals almost uniformly dark; occasionally dark 

areas on the middle part of the ventrals. 

“Measurements of the type of Pseudorhabdium mcnamarae sp. nov. 

mm. 

sos] D290 Oa Mala At sy lat Pt 242 

“SOU LO aMUUSereetes . ¢ oocie 4 fae een ene 220 

oP IN LLAM cxng ee PIES oe oo. 6k te ene Sa Dal 

Pei ia oO COM ced, sacks sf og es yeu eee i) 

WTO MOONE 6 s.0¢Ser cere cok oe eeet ce ee 5”? 

SUPPLEMENTAL DESCRIPTION: Maxillary teeth 8; nasal small, undivided; 

loreal present, elongate, borders orbit; postocular 1, often fused to supra- 

ocular; ocular shield usually distinct, occasionally fused with supraocular 

or postocular; mental in contact with anterior chin shields; scales in 15 rows; 

eaudodorsal seales reduce 6 (2+3 [11]) 4; ventrals 128-145; subeaudals 

(17) 20-27; total length 158-204 mm.; tail of total .086—.127. 

Hemipenes extend to the tenth subeaudal plate, forked at end of eighth 

plate; walls ornamented by a series of longitudinal ridges in proximal two- 

thirds of organ; in forked portions minute spines present. 

Figure 8. Pseudorabdion mcnamarae. Lateral view of head. 
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Color (in aleohol) dark bluish brown to dark brown above; in young 

specimens a narrow yellowish collar present on neck; below creamy yellow, 

eradually darkening posteriorly; lateral edges of ventrals usually dark 

brown. 

Color (in life) : See original description. 

SEXUAL DIMORPHISM: Dimorphism in ventral and subeaudal counts is 

clearly indicated by the data. There are fewer ventrals and more subeaudal 

shields in males than in females. There is no overlap in the range for these 

shields between sexes. In the ratio of tail leneth/standard length, the dif- 

ferences between sexes are equally striking, the tail in male specimens being 

much longer in proportion to the standard length than in the females. 

By comparison, it is noteworthy that the total of ventral and subeaudal 

shield counts shows considerable overlap between sexes, and although there 

is a difference of five shields between the means of the counts, dimorphism 

is not very marked. This suggests that the total number of vertebrae present 

in these snakes is not subject to pronounced sexual dimorphism. 

TABLE VI 

Serual dimorphism in several characters in the sample® of 

Pseudorabdion mcnamarae from Negros Island. 

Male Female 

Character No. Mean + S.D. Range No. Mean + S.D. Range 

Wenttalss 22.) 22... -.082- iil 130.6+3.48 126-135 9 CAS eatbetsS eal: 136-145 

Subcaudals —.............. Wl 27.4+ 0.93 26-29 9 21.8+0.82 20-23 

Ventrals + subcaud. 11 Lbi.9) = 3°34 153-163 9 162.8+3.36 157-167 

Tail length/SL .......... 9 0.136 + .006 .124—.145 9 0.097.005 .090—.106 

3 Included in the calculations above are measurements and counts given by Taylor (1922a, p. 182) and those 

obtained from the specimens examined. The counts of the type of P. minutum are not included. 

ECoLoGicaAL NoTES: According to Taylor (1917, p. 364; 1922a, p. 181) 

the species was found to be common on Canlaon Voleano, at altitudes of 800 

to 900 meters. Two of the specimens examined by us were collected at 

altitudes between 825 and 1130 meters. All specimens were taken from 

under logs and rotting trash piles. The stomachs of specimens examined in 

this study were empty, but Taylor states that they feed primarily upon 

earthworms. Females collected in December contained undeveloped eges 

(Taylor, 1917, p. 364). 

RANGE: Luzon Island: Kalinga Subprovinee (Balbalan). Negros Island: 
Negros Occidental Province (Mount Canlaon; Cabagnaan area, 16 km. east 
of La Castellana); Negros Oriental Province (Lake Balinsasayao area; vi- 
cinity about 5 to 6 km. west of Luzuriaga). 
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Pseudorabdion taylori Leviton and Brown, new species. 

Figures 9 and 10. 

Di1aGNosis: Loreal present; preocular shield absent; supraocular pres- 

ent; ocular shield not fused to other shields; anterior chin shields in contact 

with mental; subeaudals more than 30; maxillary teeth 7; distal portion of 

hemipenes ecalyculate. 

Ho.toryeE: Museum of Comparative Zoology 25749, adult male, col- 

lected at Saub, Cotabato Province, Mindanao Island, by E. H. Taylor, 

April 24-25, 1923. 

PARATYPES (2): CAS 85427, MCZ 25748 collected at same locality as the 

holotype and by same collector. 

DESCRIPTION OF TYPE: Rostral moderate, visible from above, more broad 

than deep; internasals about two-fifths as large as prefrontals; latter shields 

Figure 9. Pseudorabdion taylori. Dorsal view of head of holotype. 

Figure 10. Pseudorabdion taylori. Lateral view of head of holotype. 
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large, bordering orbit; frontal large, about as long as wide, shorter than 

parietals, separated from border of orbit by a small supraocular; nasal shield 

large, rectangular, undivided, almost twice as lone as deep, the nostril 

nearer to the anterior end; loreal elongate, more than twice as long as deep, 

in contaet with two or three upper labials and with eye; one small post- 

ocular, not fused to supraocular; anterior temporals absent; five upper 

labials, the fifth the largest, the third and fourth bordering the orbit; mental 

in contact with anterior chin shields; five lower labials, the first three in 

contact with the anterior chin shields; posterior chin shields about two-thirds 

as long as anterior pair. 

Seales in 15 longitudinal rows throughout; caudodorsal scales reduce 

6 (2+3 [22-24] 4; ventrals 122; subecaudals 40; anal plate single. 

Hemipenes extend to the twelfth subeaudal plate, forked at end of ninth 

plate; proximal half with narrow longitudinal ridges followed just in front 

of the forked area by a few transverse plicae; forked sections calyculate; 

spines absent. 

Measurements (in mm.): Standard length 170; tail length 41; head 

leneth 9.0; head width 4.8; snout length 3.0; diameter of eye 0.8. 

Color (in alcohol) above uniform medium brown; below immaculate 

light tan; no prominent markings of any kind present. Under the micro- 

scope each of the dorsal scales is seen to be edged posteriorly by slightly 
darker brown than the rest of the seale. 

VARIATION: Variations among the three available specimens were lim- 

ited to expected differences in ventral and subeaudal counts. Counts and 

measurements for these specimens are summarized in table VII. 

TABLE VII 

Summary of counts and measurements for specimens of Pseudorabdion taylori. 

Standard Tail 

Specimen Sex Ventrals Subcaudals Length Length 

INC Ze2DWA Sr Sse Q 131 35 195 34 

WN CYA, CAST en ee 3 122 40 170 41 

CASISS4 20 2 Q 134 33 189 32 

SEXUAL DIMORPHISM: As evidenced by the data given in table VII, the 

sexes markedly differ in ventral and subcaudal counts and in the tail length/ 
standard length ratio. 

REMARKS: Pseudorabdion taylori is very close to P. mcnamarae, dif- 

fering principally in the more numerous subeaudal shields, longer tail, and 

in the proportionally larger head shields. Comparison of one specimen of 
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P. taylori and one of P. mcenamarae, both females and both of approxi- 

mately the same size, illustrate these differences: 

P. taylori P. menamarae 

Standard: length + ieee oie 189mm. 185mm. 

Mail heme tl. 2st ies es 32.0 LS 

Snot enathh«o: ..0cnce meen ee Be 2.4 

Diameter .Ob 6ve. on ts aeeeesa es. os 0.7 0.6 

Nasal shield (length/width) ...... 11/05 0.7/0.3 

Rostrall broad /deep) see 26% a... iy ale 107g 

Krontal (eneth/widthy) s........ 2.5/2.4 1.8/1.8 

The two species also differ in the detailed ornamentation of the hemi- 

peneal walls, being calyeculate in the forked sections in P. taylort and mi- 

nutely spinose in P. mcnamarae. 

Pseudorabdion taylori may be related to the Bornean species P. sara- 

vacensis and P. albonuchalis. However, the structure of the hemipenes is 

unknown for either of these latter species. There are marked differences in 

head seale pattern between P. albonuchalis and P. taylori and in dentition 

between P. saravacensis and the new species. 

SUMMARY 

Upon reexamination of the type species of the genera Psewdorabdion, 

Typhlogeophis, and Agrophis, it is coneluded that they are congeneriec. 

Typhlogeophis brevis, T. ater, Agrophis saravacensis, A. sarastmorum, and 

Geophis (= Agrophis) albonuchalis are transferred to Pseudorabdion. Also 

included in Pseudorabdion are P. longiceps, P. mcnamarae, P. minutum, 

and P. oxycephalum. Two new species are described, P. montanum, from 

Negros Island, and P. taylorit from Mindanao Island. Pseudorabdion minu- 

tum is regarded as a svnonym of P. mcnamarae, and Typhlogeophis brevis 

a synonym of P. oxycephalum. 
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INTRODUCTION 

From the field observations and laboratory experiments of the students 

of fish behavior it has been abundantly shown that almost all the schooling 

and aggregating fishes, both freshwater and marine, disperse at night as 

a rule. If blinded, these fishes have been found not to school at all. The 

results of investigations reported by Allee (1981), Atz (1953), Bateson 

(1889), Bowen (1931, 1932), Breder (1929, 1951), Breder and Nigrelli 

(1935, 1938), Eddy (1925), Escobar, Minahan, and Shaw (1936), Hardy 

(1924), Hasler and Bardach (1949), Johnson (1940), Keenleyside (1955), 

Krefft and Schuller (1951), Morrow (1948), Newman (1876), Noble (1939), 

Noble and Curtis (1939), Parr (1927), Puchkov (1954), Reinhardt (1935), 

Richardson (1952), Sato (1938), Scharfe (1951), Scott (1955), Sette 

(1950), Shlaifer (1938, 1939, 1940, 1942), Spooner (1931), Spoor and 
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Schloemer (1938), and Verheijen (1953) made certain that vision in fishes 

is definitely a dominant sensory modality involved in integrating and 

maintaining the schools and aggregations. 

Parr (1927), who analyzed schooling behavior theoretically, states “if 

the above conclusions are correct, that the aggregation of schools among 

pelagic fishes is mainly or entirely based upon visual perceptions of the 

companions, then these schools, which are the most perfectly developed 

(harmonious) and also the economically most important ones to the human 

beings, must be in a peculiar way dependent upon environmental factors, 

as the presence of light becomes a necessary condition for their existence. 

The conclusion, in other words, is inevitable that these schools can not exist 

during darkness, but must gradually disperse as soon as the light dis- 

appears.” 

As far as pelagic fishes are concerned, the role of vision and the effect 

of light and darkness have been studied in only a few species such as the 

Atlantic herring, Clupea harengus, by Newman (1876), Hardy (1924), 

Johnson (1940), Verheijen (1953), and others; the dwarf herring, Jen- 

kinsva stolifera, by Breder (1929, 1951); the chub mackerel, Pneuma- 

tophorus grex, by Parr (1927) and Sehlaifer (1942); and the Atlantie mack- 

erel, Scomber scombrus, by Sette (1950). 

The Pacific sardine, Sardinops caerulea (Girard), one of the most eco- 

nomically important species in the California oceanic fisheries, has never 

been subjected to investigation along these lines. To fill this gap, an experi- 

mental study has been carried out in the Steinhart Aquarium of the Cali- 

fornia Academy of Sciences. The first phase of the study conducted covers 

a series of experiments on the effect of white and certain monochromatic 

lights and of darkness on the schooling behavior of the sardine. The sec- 

ond phase involves experiments intended to determine the ability of the 

sardine to discriminate colors of light of different wave-lengths. The results 

of this study are presented below. 

THE EFFECT OF LIGHTS AND DARKNESS ON 

SCHOOLING BEHAVIOR 

In the experiments of the first phase, a thousand-gallon aquarium tank 

with salt water running at the rate of 85 gallons per hour was used. It con- 

tained approximately 185 sardines which had been kept in captivity in this 

tank for four months. The aeration was provided by suction through an 

opening in the water-inlet tube. The water turnover produced an insignifi- 

eant current in the tank, which, however, had no influence on the schooling 

behavior of the fish. To isolate the tank from the effect of outside illumi- 



VoL. XXIX] LOUKASHKIN &€ GRANT: THE PACIFIC SARDINE 511 

nation, a light-tight plywood structure five feet high with an opening on 

top for installing the source of light (figure 1) was built around and above 

the tank. 

During the entire period of the sardines’ captivity, this tank was illumi- 
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Figure 1. Diagram of tank with superstructure of plywood for studying schooling 

behavior of sardines under various controlled light conditions. 

nated by a 300-watt incandescent bulb suspended two feet above the water 

surface. Therefore, the sardines used in the study can be considered “light- 

adapted” animals. For application of the colored lights, a four-tube fluor- 

escent fixture, 48 inches long, was installed in the opening on top of the 

structure. Following F. A. Linsday (1948), combinations of color tubes 

and gelatin filters to produce pure blue, green, and red lights were used 

in the tests. The 40-watt color tubes were of General Electric manufacture 

and had the manufacturer’s symbols as follows: F40T12/B for the blue 

light, F40T12/G for the green, and F40T12/PK for the pink. The filters, 

aequired from the Rascoe Laboratories of Brooklyn, N. Y., had the follow- 

ing numbers and descriptions: No. 37 (urban blue), No. 40 (medium 
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ereen), and No. 15 (light red). Linsday recommends these color tubes and 

filters to photo-engravers for examining color proofs. The spectral energy 

distribution of the light sources plus their corresponding filters is shown 

in figure 2. All observations, recordings, and photographs were made 

SPECTRAL ENERGY DISTRIBUTION 
BLUE "F"LAMP + BLUE FILTER “37 
GREEN "F LAMP +GREEN FILTER “40 
PINK "F"LAMP+RED FILTER “I5 

on 3") 
4000 4500 5000 5500 6000 6500 7000 

ANGSTROMS MILLIWATTS / 200 A°/ WATT INPUT 

Figure 2. Spectral energy distribution of light sources used (After E. A. Linsday, 

1948). 

through the glass wall of the tank at night with all lights in the building 

turned off. The light intensities of each type of illumination applied were 

measured at water level at the center of the tank. In every test the sardines 

were kept for an hour under the light being tested, and all reactions of the 

school as a unit were recorded from the moment of switching the light from 

standard to colored illumination or to darkness, and back to standard. 

The behavior of the school under the standard light prior to applia- 

tion of the colored hght or of darkness was considered typical and was 

classified in the experiment as the control. A typical school pattern under 

standard illumination was usually a clockwise circling in loose formation 

in the shape of a complete ring. However, at the commencement of the 

study it was disclosed that this behavior, for some unknown reason, had 

markedly changed. For several days in a row the school discontinued 

circling; instead it occupied a rear part of the tank close to the back wall, 

remaining almost motionless in a shapeless aggregation. At times this group 

assumed either a cluster-like, compact configuration as shown by Breder 

and Nigrelli (1935) for the sunfish, Lepomis auritus. At other times the 

fish arranged themselves into a pyramidal formation very much resembling 

that of the young black bass, Micropterus sp., while wintering in a quiescent 

state in the New York Aquarium and as photographed by C. H. Townsend 

(1916). On still other occasions the school formed an aggregation of the 

vertical columnar shape typical of the young spotted bass, Micropterus 

pseudaplites Hubbs, observed in one of the ponds of the Ohio State Fish 
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Farm and reported by Langlois (1936). Only during feeding time and for 

a short period thereafter, would the sardines resume normal circling. To 

stimulate their circular movement, a predator fish, the kelp bass, Paralabrax 

clathratus (Girard), 38 em. in standard leneth, was placed in the tank, 

Figure 3. School of sardines freely circling in the tank illuminated by standard 

white light (control) prior to switching to the red light. 

whereupon the school immediately re-formed, resuming circling but avoid- 

ing close contact with the bass which, however, made no attempt to attack 

the sardines during the entire course of the experiments. The bass spent 

most of its time lying still by the rock on the bottom, exerting neither a 

positive nor a negative effect upon the natural responses of the sardines to 

the lights applied in this study. 

In the first series of observations of this first phase of the study, a com- 

plete set of four tubes for each type of colored light tested was used. The 

light intensities in this case, therefore, were different for each particular 

iliumination, and these intensities were recorded as follows: 12.9 foot-can- 

dles for green light, 9.6 for red, and 0.5 for blue, while the intensity of 

the standard white-light (control) was 20.0 foot-candles. In the second series 

of experiments the standard light in intensities equivalent to those of 

the colored lights used in this study was tested. The third series of experi- 

ments was made with the application of a uniform 0.5 foot-candle light 
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intensity for all types of illumination including the standard (ineandes- 

eent) light. 

As the experimental records show, the behavior of the school subjected 

to the green or blue illumination, regardless of light intensity, remained 

essentially the same as under the standard light. At the moment of switch- 

Figure 4. Breaking up of the school at the sudden change from standard white 

light to the red. 

ing the hight from standard to green or blue, the school continued its clock- 

wise movements, displaying no fright reaction nor any discomfort. Ocea- 

sionally, the school would increase or decrease the speed of movement, or 

change direction for a few minutes. 

The exposure of the sardines to the red heht of either 9.6 or 0.5 foot- 

candle intensity produced each time a definite effect on the behavior of 

the school (figures 3 to 8). At the switching from standard hght to red 

hght, the typical school pattern was invariably broken up for a few seconds 

each time. The fish seemed to experience a kind of shock resembling that of 

the school in total darkness, described in the next paragraph. This distine- 

tive fright reaction would gradually subside but not to the point of com- 

plete relaxation. During the 60-minute tests the effect of the red light on 

the school pattern and behavior remained pronounced. On no occasion was 

the typical circular movement resumed. Alarm or tension on the part of 
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the fish was sometimes evidenced by frequent changes of movement from 

one direction to another or by attempts to hide at the rear corners of the 

tank. On other occasions they formed a compact ball-shaped agereeation,! 

dispersed vertically fan-wise, darted from one end of the tank to the other, 

Figure 5. Aggregation pattern after 8-minute exposure to the red light. 

or rose to the surface. In contrast to the typical behavior under the stand- 

ard light, when they were cireling along the walls close to the bottom, the 

sardines exposed to the red light occupied the upper horizon of water in 

the center of the tank. The speed of movement of the school in the majority 

of cases was greatly increased in comparison with normal speed under 

standard illumination. In a few eases recorded the speed was slowed down 

considerably. At all times the sardines displayed restlessness. After the 

end of each test a standard light was turned on, and usually within 10 to 

15 minutes the school calmed down and resumed typical circling close to 

the bottom. 

The effect of total darkness on the behavior of the school was much more 

striking than that of the red light. Because of the impossibility of making 

visual observations in the darkness, the flash photographic recording alone 

was applied in these tests. At the sudden change from standard light to 

1. See DISCUSSION, paragraph 4. 
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total darkness, the school exhibited each time a sharp reaction, its move- 

ment being completely halted and the school being broken up. Most of the 

fish in a school would assume a vertical body position, head up, tail down, 

slowly rising toward the surface.2, Such a phenomenon usually lasted for 

Figure 6. Ball-shaped aggregation beginning to dissipate after 15-minute ex- 

posure to the red light. 

three to five minutes. Gradually the fish recovered their equilibrium but 

the school remained broken up. The sardines were scattered throughout the 

tank, moving slowly and aimlessly in all directions. The school as a typical 

unit was not re-formed and normal circling was not resumed.* With the 

turning on of the standard light the sardines restored their schooling pat- 

tern within five to ten minutes. A set of photographs (figures 9 to 15) 

shows the behavior of the sardines in darkness. To check the results of ob- 

servations obtained in total darkness after a sudden turning off of the 

hight, gradual darkening was tested on the same school of sardines. How- 

ever, an application of a gradual change of standard white illumination 

(using 300-watt flood-light lamp and an iris diaphragm) from 38.9 foot- 

candles at the surface to almost 0, produced no such striking effect as did 

the sudden change from bright light to total darkness described above. The 

2. See DISCUSSION, paragraph 3. 

3. See DISCUSSION, paragraph 1. 
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school was not broken up even at the end of an hour-long observation when 

the diaphragm had a pin-point opening five feet above the water surface, 

and illumination was reduced to below 0.01 foot-candle. With growing 

darkness the school circled in a rather compact formation. When the light 

was finally turned off and the sardines were no longer able to see each other, 

Figure 7. The aggregation of sardines moving from one end of the tank to the 

other after 30-minute exposure to the red light. 

schooling immediately ceased and the school broke up as at the sudden 

switching from light to total darkness. This was followed by the application 

of the standard white light in the exact values of the intensity of colored 

lights used (12.9, 9.6, and 0.5 foot-candles). This failed to elicit any differ- 

ential response on the part of the sardine school. School pattern and be- 

havior with all normal reactions characteristic of control illumination (20.0 

foot-candle intensity of standard white ight) remained unchanged during 

the course of the experiments. 

To find out how soon the organs of sight of the sardines became adapted 

to colored lights, the effect of these lights, which were standardized in their 

intensity at 0.5 foot-candle level, was tested on the sardine’s feeding re- 

sponse, this measurable reaction having been selected by the experimenters 

as the best possible indicator of the response of the fish to the lights. In the 

first series of tests the school was exposed to each of the three primary 
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colored lights for five minutes before their favorite food, live brine shrimp 

(Artemia salina) was added to the tank in the usual manner. Sardine re- 

action in this ease, in comparison with normal, instantaneous feeding re- 

sponse under standard white illumination, was slightly retarded: in green 

light, for a few seconds; in red, for 35 seconds; and in blue, for about a 

Figure 8. “Boiling’’ aggregation with fish moving up and down, and toward each 

other after 60-minute exposure to the red light. 

minute. In the second series, the school was exposed to the colored lights 

for half an hour before the brine shrimp were added. In these tests, the 

feeding response was immediate and very similar in intensity to that dis- 

played under standard illumination (figures 16 and 17). In both series, 

as soon as the familiar food was detected, the sardines displayed their 

typical fast and efficient chasing of the brine shrimp. The feeding response 

of the school under white light used in the same standardized intensity of 

0.5 foot-candle in both eases (after 5- and 30-minute exposures) was found 

to be as instantaneous and vigorous as under control illumination of white 

light of a 20 foot-candle intensity. 

In closing the first phase of the experimental study of the effect of light 

on schooling behavior of the sardine, the effect of a flashing and a continu- 

ous beam of standard white light in otherwise total darkness was tested 

(figures 18 to 20). This time a source of light was installed at the right 

side of the glass wall on the outside. A 35-watt incandescent bulb was 
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incased in a metal container with changeable openings of one-eighth, three- 

elghths, and one-half inch, and tightly attached to the glass. A mechanical 

interrupter to produce flashing light was attached to the device. The light 

was interrupted up to 60 times per minute. To make the beam of light econ- 

Figure 9. School of sardines freely circling in rather compact formation in the 

tank illuminated by the standard white light (control) prior to the turning off of 

the light. 

tinuous, the interrupter was omitted from the cireuit. Before application 

of either one of the two types of light beams, the school was kept in total 

darkness for about 15 minutes. As the records indicate, the flashing beam 

of light, regardless of its intensity (all three openings produced light of 

low intensity, below 1 foot-candle), elicited a very distinct fright reaction, 

causing the fish to aggregate in a shapeless “boiling”? mass in the darker 

side of the tank. Individual sardines would enter the illuminated zone, 

but retreat immediately to the main body of the aggregation. Circling was 

not maintained.* 

The application of a continuous beam of light produced no fright re- 

action but rather helped the sardines, which were scattered throughout 

the tank in the darkness, to reassemble into a normal school and to start 

typical circular movements and enter the illuminated zone of the tank. 

4. See DISCUSSION, paragraph 2. 
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PREFERENTIAL RESPONSES OF THE SARDINE TO 

CERTAIN TYPES OF COLORED LIGHTS 

The preceding experiments, as direct observations and photographic 

records show, demonstrated the definitely negative effect of both darkness 

and red light on the schooling behavior of the sardine. The facilities used 

did not offer a possibility for the application of more than one type of 

illumination at a time in order to elicit a preferential response of a positive 

or negative nature to a certain type of light tested in combination with one 

or two contrasting lights. Therefore, for the purpose of the solution of this 

Figure 10. Breaking up of the school at the sudden switching from standard white 

light to total darkness. Fish seem to lose equilibrium, and act as if “floating” head 

up, tail down. 

problem, a second phase of the experimental study was conducted in a dark 

room (specially built in the Aquarium) in which an experimental wooden 

tank 12’ 6” long, 21.5” wide, and 10” high was installed. This tank was 

filled with sea water to a depth of 6 inches and was divided into either two 

or three zones of even length (75” and 50” respectively) depending on the 

number of light sources used in any particular experiment. The sources 

of light were 20-watt fluorescent tubes, 24” long, with gelatin light filters 

of colors and of a manufacture already described. For regulating the in- 
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tensity of light at a desired level, the electric fixtures were attached to ad- 

justable scaled supports which were clamped to the sideboards of the tank 

at even distances and always in the centers of ght zones. In order to pre- 

vent the intermixture of contrasting illuminations at the borders of zones, 
lida these zones were separated one from another by plywood partitions 27 

high (from water level) and 32” wide. For neutralization of the effects of 

Figure 11. After seven minutes in total darkness. The school is completely 

broken up. The loss of body equilibrium reached its peak. 

reflected light from the white-painted ceiling of the building, a sheet of 

plywood 32” wide was placed on the partitions and supports above the 

tank (figure 21). Before each test, the water was drained out and the tank 

cleaned. Then a fresh supply of sea water was added and three aerators 

turned on to keep an uninterrupted supply of air in the water. This was 

followed by the introduction of six sardines from a display tank. They 

were left alone in the tank for two and a half hours for acclimation, and 

then the observations of their behavior began with the recording at fixed 

intervals of the number of fish present in each of the differently illumi- 

nated light zones. Throughout the course of these experiments, which were 

intended to elicit a sardine’s preferential reactions to different lights as 

evidence of the ability to discriminate colors of light, the intensity of light 

for all types of illumination was uniformly maintained at a 10-foot-candle 
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level at the water surface along the sides of the tank. During preliminary 

tests it was disclosed that the sardines, when undisturbed and behaving 

normally, could swim from one end of the tank to the other in 10 seconds. 

When disturbed and agitated, they could cover the same distance three 

times in 10 seconds. Therefore, a recording of the numerical distribution 

Figure 12. After fifteen minutes in total darkness. Body equilibrium restored, 

but the sardines are dispersed, swimming aimlessly in all directions at greatly re- 

duced speed. 

of sardines zonally was made every 10 seconds. All records of these tests 

with excited sardines are ignored and excluded from the tables as present- 

ing distorted results. Five hundred recordings were made, with cumu- 

lative totals of 3,000 fish for each separate test. Four tests in each light- 

combination experiment resulted in 2,000 recordings with 12,000 fish. 

For quite a long time it was difficult to establish a cause for the sardines’ 

restlessness and excitement in the experimental tank. Sometimes one of the 

fish, becoming excited, would begin racing from end to end, thus stimulat- 

ing the others to follow its example. Sometimes, the entire school would 

exhibit a high degree of restlessness from the start; in other cases, the nor- 

mally behaving school suddenly, and seemingly without provocation, would 

begin wild racing. The experimenters took all possible care and precau- 

tions to avoid undesirable disturbance among the fish, using special nets 
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for removing them from the display tank, and a large bucket for transfer- 

ring them, one fish at a time, to the experimental tank. The effects of foreign 

sounds and vibration were reduced practically to zero, and yet the cases 

of excitement among the sardines happened quite frequently. After a while 

it was noticed that the sardines, after having been fed early in the morning, 

Figure 13. After thirty minutes in total darkness. Sardines still remain scattered 

throughout the tank. Two fish continue “floating” in vertical body position, 

always behaved normally throughout the test with no sign of restlessness. 

From then on, on the day of testing (three times a week), the sardines were 

given an ample supply of brine shrimp an hour prior to transfer to the 

experimental tank. Also, turning off of the testing lights for a few minutes 

was found to be a good remedy, and after 5 to 10 minutes in darkness the 

sardines would calm down and resume normal behavior when the lights 

were turned on again; this measure, however, did not prove to be a complete 

guarantee that the restored order would last until the end of the test. The 

resumption of wild racing by one of the sardines could have distorted the 

results of the test or even spoiled the test entirely by exciting the other fish 

again. At the time of ascertaining the cause of frequent restlessness and 

excitement among the sardines, the stock of live fish which had been kept 

in captivity over a year was reduced to 20, and toward the end of the ex- 
periments there were only 8 sardines left, of which 2 had impaired organs 
of sight (very often they hit the aerators or sides of the tank, and therefore 
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they were not used in further tests). The experiments were discontinued 

when only 5 healthy sardines were left.° 

Figure 14. ‘‘Piling-up” aggregation at the end of the test after 60-minute exposure 

to total darkness. 

The count of the recorded observations of each test was made by sum- 

ming up the numbers of sardines that had entered each light zone. For 

example, test A of table I is presented below: 

Fish recorded in groups of IPR 

Description 0 of 2 3 4 7) 6 Total cent 

Red Light Zone 

Number of entries_....... 304 162 30 2 0 0 0 — 

Number of fish.............. 0 162 60 6 0 0 0 228 7.60 

White Light Zone 

Number of entries... 54 * 126° “126 106 74 12 2 — 

Number of fish:_----2....- 0 126 252 £318 296 60 12 1,064 35.47 

Blue Light Zone 

Number of entries... 6 28 100 120 130 96 20 -= 

Number of she =------ 0 28 200 360 520 480 120 ~~ = 1,708 56.93 

3,000 100.00 

5. On these grounds the present study has been confined to 2,000 recorded observations for each type of light 

combination instead of 5,000 as originally planned. In spite of this accidental limitation, the results obtained 

nevertheless reveal a definite tendency of the sardine to react differently to different types of light regardless of 

their combination or sequence. 
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Turning now to the description of the results of these experiments, it 

should be noted that the aim of the investigation conducted was the attempt 

to reveal the sardines’ reaction mainly to the red hght, which, as the pre- 

ceding series of experiments in the display tank showed, had a negative 

effect upon schooling behavior. The present series of experiments was di- 

Figure 15. In fifteen minutes after turning on of the standard white light (con- 

trol) the school is re-formed and typical circling resumed. 

vided into two parts. In the first part the tank had three compartments 

or zones, each illuminated with a different type of colored light. In these 

experiments the red light was tested against white® and blue, white and 

green, and blue and green. While these three combinations of lights were 

being tested four times each, the position of light sources was subject to 

change each time, as for instance in the ease of the red—white-blue group 

shown below: 

Left End Zone Center Zone Right End Zone 

Red Light White Light Blue Light 

Bhie “ White “ Red ‘* 

Blue = Red cs White “ 

White “ Red ze Blue) 

6. General Electric 20-watt tube, Symbol F20T12/SW, Soft White. 
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The results of these four tests are summed up and presented in tables 

I-III showing the frequency of occurrence by zone and relationship in 

per cent to the total. 

(a) Reaction of the sardines to the red light in com- 

bination with white and blue lights. 

As seen from table I, the least average number of occurrences falls in 

the zone illuminated with red light (8.82% ), and the largest in the blue 

Figure 16. An instant feeding response of the school to the cloud of brine shrimp 

under the blue light. Food was introduced after a 30-minute exposure of the school 

to the light tested. 

zone (52.94% ). The white zone occupies an intermediate position (38.24% ). 

The frequency of occurrence of the fish in the red zone varies from 1.07% 

to 16.53%, while the corresponding figure for the blue zone remains more 

or less constant except for test D, at the end of which test one of the sar- 

dines had become excited and stimulated the others to follow him from the 

blue zone through the red one into the white zone, where they remained 

until the end of the test and made no attempts to return to the blue zone. 

It is of interest to note that the sardines, swimming normally within the 

blue or white zone, developed exceptionally high speed while moving through 

the central zone illuminated with red light. Upon entering the blue or white 
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zone they immediately slowed down and began circling about in a school 

pattern at normal speed. Usually after 500 scheduled observations on the 

effect of prolonged exposure to the red, white, and blue lights, tests were 

made to determine the immediate effect of a rapid change in the distribu- 

tion of the light sources or on the turning off of the light in one or two zones. 

alt 

ee PS 

ee an is sie 

Figure 17. An instant and vigorous response of the school to the brine shrimp 

after being exposed to the red light for 30 minutes. 

In each of these tests the experimenters observed immediate reactions of 

the sardines similar to those displayed by them on prolonged exposure to 

the same lights. If the red light in the left end of the tank was changed to 

the blue, and the blue light in the opposite end changed to the red, the sar- 

dines instantly deserted the new red zone, moving through the central zone 

illuminated with white light into a new blue zone at the left end of the tank. 

If the white light in the central zone was changed to the red, thus forming 

two adjacent red zones, the sardines aggregated in the blue zone alone. 

When the blue light was turned off, the sardines from this darkened zone 

moved into the white zone. The same was true when the test was reversed. 

When the blue and white lights were turned off simultaneously or one after 

another, the sardines deserted the darkened zones and swam about within 

the red illuminated zone alone. However, their behavior was different from 

normal: they increased their speed of movement, the school pattern being 
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broken, and their swimming acquired a disorganized character. By all vis- 

ible signs the fish experienced some agitation and inconvenience. As soon 

as the blue or white light at the opposite end of the tank was turned on 

again, the fish one after another swam out of the red zone, crossing the 

darkened central zone, and reached the blue or white zone and remained 

Figure 18. Broken-up school of sardines in total darkness fifteen minutes after 

turning off of the standard white light, to show a pattern of fish distribution in the 

tank prior to application of flashing beam of light. 

there. Whenever the red light was turned off and the green light was turned 

on, the sardines began to frequent this zone as well as the blue one, show- 

ing special preference to neither. Again, the turning off of the green light 

and the restoring of the red illumination usually forced the sardines to 

leave this zone and avoid it thereafter. 

Summing up the above records, the statement can be made that the 

numerical data and direct observations of the experiment with prolonged 

exposure of the sardines to the red light opposed by white and blue lights, 

and the records of the effects of the immediate change in illumination, 

indicate for the fish a decided preferential reaction in favor of the blue 

light, a lesser response in favor of the white light, and a very minor re- 

sponse in favor of the red light. For the purposes of this paper such a 

minor preferential reaction is hereafter arbitrarily designated a negative 
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response. The red light zone was occupied by the sardines mostly when 

the other two zones were kept in darkness. 

(b) Reaction of the sardines to the red light in com- 

bination with white and green lights. 

Table II repeats practically the same results as presented in table I. 

The least number of occurrences were in the zone illuminated with red 

Figure 19. Avoidance reaction of the sardines to a flashing beam of standard 

white light of low intensity in total darkness. Source of light was placed on the right 

side of the picture. The light field is shown by broken line. 

hight (10.10%); the greatest, in the green-light zone (55.80%). As before, 

the reactions to white light occupy an intermediate position (34.19%). 

However, the frequency of occurrence in the red zone this time was much 

greater, varying from 0.60% to 21.40%, thus resulting in a comparatively 

higher indicator for the total in comparison with that of the previous ex- 

periment. Some distortion in distribution of the sardines was observed in 

test H owing to the comparatively long presence of the group of sardines 

in the white zone before they crossed the central red zone and entered the 

green one. As in the previous experiment, at the end of each test of pro- 

longed exposure of the sardines to the red, white, and green lights, the 

positions of the light sources were changed, the red light was replaced by 

the blue, and the light was turned off in one or two zones for the observa- 
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tion of the immediate response of the sardines to the sudden change of the 

types of illumination. The reactions of the fish to the change of lights were 

found to be similar to those described in paragraph (a). Again, the sar- 

dines entered and remained in the red zone only when lights in the other 

Bre. - ~ “a si m * 

$ is : an ce EE, ae i & 

Figure 20. A continuous beam of the standard white light from the same source 

produced no fright reaction on the sardines. It rather helped the fish to re-form a 

school within five to eight minutes, to resume their circular movement, and to enter 

the illuminated right half of the tank. 

two zones were turned off. The element of confusion and some agitation 

among the fish were recorded this time as before. In conclusion it can 

be stated that the numerical indicators obtained, together with the direct 

observations recorded during the prolonged exposure of the sardines to 

the red light opposed by white and green lights and supplemented by the 

records of the effects of the immediate change in illumination, definitely 

show a negative preferential reaction to the red light, and a positive prefer- 

ential reaction in favor of the green light, while the reaction toward the 

white light lies between the two extremes. In general, tolerance for the 

red illumination, as in the previous case [paragraph (a)], was displayed 

by the sardines only when the other two zones were in total darkness. 

(c) Reaction of the sardines to the red light in com- 

bination with blue and green lights. 

Table III shows the results of the experiment with the application of 
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the three primary colored lights: red, blue, and green. This time the sar- 

dines’ tendeney to avoid the red light zone was manifested much more 

clearly than in the two preceding experiments, and the frequency of occur- 

rence for individual tests varied from 0 to 1.60% only, averaging 0.67% 

for the entire experiment. The positive preference for the opposing lights 

Light fixtures incosed in shades Plywood portitions Plywood top 32° wide 

(SSSR ee Lom —————— Lp 
_— = 
= z 

\ Fixtures support 
_— ™. 

Fluorescent tube 

os — “= = = Poa eee | - —— 212" 

= — Clomps 

LONGITUDINAL CUT CROSS-SECTIONAL CUT 

Figure 21. Sketch drawing of the experimental tank divided into three light 

zones for testing sardines’ ability to discriminate colors of the light. 

was shared by the sardines almost equally: 48.97% for the green, and 

50.36% for the blue. However, in individual tests the frequencies of oc- 

currence varied considerably in comparison with the relative stability ob- 

served for each of these types of light in the presence of the white lght 

in the three-zone experiments (tables I and IT). The frequeney of occeur- 

rence fluctuated from 13.87% to 83.33% for the green light, and from 

16.53% to 86.13% for the blue light. In regard to these colored hghts, the 

sardines did not seem to have any specific preferential reaction. The lights 

caused positive responses without eliciting any appreciable difference in the 

degree of the sardines’ preference toward either of the two. The fluctua- 

tion of the frequencies of occurrence in individual tests can be explained 

exclusively by the location of the zones provided with these sources of ght. 

When the sardines were separated by the central zone illuminated by the 

red light, they aggregated in one of the terminal zones, regardless of the 

color of the opposing illumination (tests I and J). When the green and 

blue were adjacent, the readings were more or less similar for the two zones 

(tests K and L). After each test of prolonged exposure of the sardines 

to the effect of red, blue, and green lights, the fish were usually subjected 

to the effects of sudden changes of illumination, darkening of one or two 

zones, ete. And again, as in previous experiments, the sardines manifested 

their preferential tendencies of a positive character for the blue and green 

lights, and of a negative character for the red light. This time the negative 
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preferential reaction to the red light was displayed more markedly than 

in either of the two preceding experiments. Tolerance for the red light 

was observed only in cases when the sardines had no other choice of light 

because of the darkening of the other two zones. Summing up all recorded 

occurrences of the sardines in the red light zone for the three experiments 

in the first part of this series (tables I, I], and III), one can see that the 

GREEN 
48.97 % 

BLUE GREEN 
52.94% 55.80 % 

Figure 22. Diagrammatic interpretation of the relationships between the effects 

of different lights on the sardines’ discriminating ability in the three-zone tank. 

red zone was frequented by 2,341 sardines only (or 6.50%), whereas the 

other two zones combined were frequented by 33,569 sardines (or 93.50% ) 

regardless of the type of illumination applied.‘ 

For the purpose of checking the results obtained, the second part of 

this series of experiments was carried out. Each experiment consisted of 

four tests as in the previous series. The effect of the red light on the sar- 

dines was tested in combination with only one of the three other types of 

7. Within the scheme of the three-zone experimentation, the white light was also tested against the blue and 

green. Unfortunately, only two tests were made in the beginning of the present study, and both appeared to be 

not indicative, because of the restlessness and agitation observed among the sardines used in these tests. The 

sardines raced wildly from one end of the tank to the other, and because of this fact the distribution of the fish 

within the tank’s zones was as follows: 31.77% for the green, 34.73% for the white, and 33.50% for the blue. 

Because of the depletion of the stock of live sardines in the Steinhart Aquarium, the experiment with the appli- 

cation of the white, blue, and green lights could not be accomplished. 
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light. In these experiments the tank was divided into two parts, each 75” 

long. One of these parts was illuminated with red light, the other, either 

with blue, or green, or white light. Procedure and recording of observations, 

as well as the number of observations, remained unchanged in order to 

obtain comparable data. Below is given a brief analysis of the results of 

the experiments as they appear in tables IV, V, and VI, of which table IV 

2.74% 12.43% 4.75% 

87.57 % 

26.95 % 21.37 % 

97.26 % 95.25 % 

73.05 % 78.63% 

50.83 % 49.17 % 

Figure 23. Diagrammatic interpretation of the relationships between the effects 

of different lights on the sardines’ discriminating ability tested “in pairs” in the two- 

zone tank. 

presents the results of the testing of the red hght against the white. The 

frequeney of occurrence in the red zone (12.43%) was found to be the 

highest of all the records obtained for the red light. Nevertheless, the red 

hight still produced an invariably negative reaction, while the white light 

elicited a highly preferential reaction of a positive character (87.57%). 

In the individual tests of this experiment the negative reaction to the red 

light varied from 7.63% to 22.67%. In order to check the sardines’ re- 

sponse to a sudden change of illumination, after each test the positions of 

the light sources were switched, or the light in one of the zones was turned 

off, or a new lght source (blue or green) was introduced. In reaction to 

the change in position of lights, the sardines remained in the white zone 

regardless of its position being switched from left to right, or from right 
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to left (the fish did occasionally swim into the red zone). The darkening of 

one of the zones caused the sardines to aggregate in the illuminated one 

regardless of the color of light. However, while in the red zone, they very 

often displayed restlessness leading to the breaking up of the school pat- 

tern. When green or blue light was substituted for the red lght, the sar- 

dines seemed to prefer to remain within the zone illuminated by either of 
these lights, but they continued to frequent the white zone. 

In the experiment with the application of the red and blue lights, as 

TAsiES J—-LIT 

Records of the experiments using the three-zone tests for eliciting preferential 

reactions of the Pacific sardine to different colors of light. 

Table I 

Red Light White Light Blue Light Total 

Frequency of Occurrence 

Test Number Per cent Number Per cent Number Per cent Number Per cent 

sAC paren Si 228 7.60 1064 35.47 1708 56.93 3000 100 

Bh tes ans 496 16.53 725 24.17 1779 59.30 3000 100 

Oren & 32 1.07 1279 42.63 1689 55.30 3000 100 

10) ee eee 304 10.10 1521 50.70 1175 39.20 3000 100 

1060 8.82 4589 38.24 6351 52.94 12000 100 

Table II 

Test Red Light White Light Green Light Total 

ie aaa 190 6.33 1019 33.97 A791 59.70 3000 100 

1)e | Seen 351 11.70 669 22.30 1980 66.00 3000 100 

Garis 22h 642 21.40 831 27.70 1527 50.90 3000 100 

1g ey ees eee 18 0.60 1584 52.80 1398 46.60 3000 100 

1201 10.10 4108 34.19 6696 55.80 12000 100 

Table III 

Test Red Light Green Light Blue Light Total 

Tl gerbes, So ee 0 0.00 416 13.87 2584 86.13 3000 100 

Ji se eet 4 0.14 2500 83.33 496 16.53 3000 100 

Kegs 4 Se eee 48 1.60 1180 39.33 Mates 59.07 3000 100 

| Bie eee ee 28 0.94 1780 59.33 1192 39.73 3000 100 

80 0.67 5876 48.97 6044 50.36 12000 100 

TOTAL FOR ALL THREE TABLES 

Red Light All other lights combined Total 

2341 6.50 33659 93.50 36000 100 
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table V shows, the preferential negative reaction to the red light was dis- 

played very markedly by a 100 per cent avoidance of the red zone in two 

tests (GG and HH). The average frequency of occurrence for the red 

zone was only 2.74%, the second lowest in the entire series. A repetition 

of the changes in illumination after the tests with a prolonged exposure 

of the sardines to the effect of red and blue lights revealed the same pecu- 

har reactions of the sardines as those learned from the foregoing experi- 

ments. Table VI illustrates the results of the experiment in which the red 

TaBLes IV-VI. 

Records of the experiments using the two-zone tests for eliciting preferential 

reactions of the Pacific sardines to different colors of light. 

Table IV 

Red Light White Light Total 

Frequency of occurrence Per 

Test Number Per cent Number Per cent Number cent 

IN ie 235 7.83 2765 92.17 3000 100 

JRE). 5 a” Coane nee ee 680 22.67 2320 THB 3000 100 

(CC te ee 347 Te 2653 88.43 3000 100 

1D)D) 38 ee re 229 7.63 2771 92730 3000 100 

1491 12.43 10509 87.57 12000 100 

Table V 

Test Red Light Blue Light Total 

TBI sa. Se ee ee a 89 2.97 2911 97.03 3000 100 

JEM 55, 2 Ue eee PS 240 8.00 2760 94.52 3000 100 

(CC ne 0 0.00 3000 100.00 3000 100 

SEAN Iigpeeen er eter eo 0 0.00 3000 100.00 3000 100 

329 2.74 11671 97.26 12000 100 

Table VI 

Test Red Light Green Light Total 

ILL | Sees ag 2 Sees renee 208 6.93 2792 97.07 3000 100 

Tcl) | SelB es ae orem ange Oi 280 9.33 2720 90.67 3000 100 

[RIES Geet 54 Sei ieee ees 82 2.73 2918 97.27 3000 100 

Lil Ly eee eee aa 0 0.00 3000 100.00 3000 100 

570 4.75 11430 95.25 12000 100 

TOTAL FOR ALL THREE TABLES 

Red Light All other lights combined Total 

2390 6.67 33610 93.33 36000 100 
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light was opposed by the green. The figures obtained confirm once again 

a striking preferential reaction of a positive character for the sardines in 

favor of the green light (95.25%), and a minor response toward the red 

(4.75%). In four tests the indicator of the frequency of occurrence for the 
red zone varied considerably (from 0 to 9.33%). The sudden change in 

positions and types of illumination at the end of each test of prolonged 

exposure of the sardines to the effect of the above-mentioned combination 

of colored lights elicited responses resembling those already deseribed for 

the first two checking experiments. 

Summing up all the recorded occurrences of the sardines in the red 

light zone for the three checking experiments in the second part of this 

series, one can see that the red zone was frequented by 2,390 sardines® 

Tasples VII-IX 

Records of the experiments using the two-zone tests for eliciting preferential 

reactions of the Pacific sardine to different colors of light. 

TABLE VII 

Blue Light White Light Total 

Frequency of occurrence Per 

Test Number Per cent Number Per cent Number cent 

UV [ieee ase Gren co eee bee 2081 69.37 919 30.63 3000 100 

Tf See Sea Se teal ee he SOR MR 1709 56.97 1291 43.03 3000 100 

CO) eee np ee eh eee an ee 2545 84.83 455 15.17 3000 100 

12) ae a ee Le tee 2431 81.03 569 18.03 3000 100 

8766 73.05 3234 26.95 12000 100 

TABLE VIII 

Test Blue Light Green Light Total 

Oe 432 14.40 2568 85.60 3000 100 

| Ses ees eee 252 8.40 2748 91.60 3000 100 

Se hae oe ee eres 2 2536 84.53 464 15.47 3000 100 

NN f St 0 ty OSE ces Ree ncece ee fa 2880 96.00 120 4.00 3000 100 

6100 50.83 5900 49.17 12000 100 

TABLE IX 

Test Green Light White Light Total 

| O fee eet eet oe Saneens hc snr ants Br 2516 83.87 484 16.13 3000 100 

TV ight ae a ena ee 2202 73.40 798 26.60 3000 100 

4718 78.63 1282 21.37 6000 100 

8. Against 33,600 sardines for all the other types of illumination put together. 
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(or 6.67%), which is almost identical to the figures obtained for the red 

light in the three-zone experiments. 

(d) The effect of other light combinations tested in the 

two-zone experiments. 

In closing the experimental study of the sardines’ preferential reactions 

with the application of the zones of contrasting lights, the blue, green, and 

white lights were also tested against each other. In table VII the results 

of the effects of the blue and white lights are included. The sardines mani- 

fested their preferential reactions of a positive character (73.05%) for the 

blue light, and negative (26.95%) toward the white. Table VIII repre- 

sents the results of the application of the blue and green lights. In this 

experiment the sardines reacted positively to both of them, but manifested 

specific preferential tendency to neither. The distribution of the sardines 

in the zones with contrasting lights was close to a 50:50 proportion, al- 

though in individual tests the percentage of frequency of the occurrence 

varied from 8.40% to 96.0% for the blue light, and from 4.0% to 91.60% 

for the green light. When the final results and the pattern of variation of 

this experiment are compared with the data obtained in testing the green 

and blue lhghts against the red in the experiments using the three-zone 

method presented in table IIT, it can be stated that the picture remains the 

same, and that the blue and green lights when tested against each other 

were found to be equally attractive to the sardines. Table IX presents the 

results of the tests using green and white lights. Because the stock of live 

sardines was depleted, the experiment could not be completed. Though the 

experiment was incomplete, the table nevertheless shows a preferentially 

positive reaction of the sardines in favor of the green light (78.63%), and 

a negative reaction to the white (21.37%). 

On the basis of the results obtained during the present experimental 

study it can be assumed that the Pacific sardine possesses an ability to quali- 

tatively discriminate the colors of light tested, and that phototactically it 

is a red-negative animal. 

For a visual interpretation of the relationships of sardine reactions to- 

ward different lights in various combinations, two diagrams are shown in 

figures 22 and 23. 

DISCUSSION 

In respect to the results obtained during the course of the present ex- 

perimental study, some comparative data on similar behavior of other 

species of fishes as have been reported by the other students of fish behavior 

are given below: 

(1) It was shown very definitely that in total darkness the sardines 
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do not school, being widely dispersed throughout the tank. This behavior 

of a broken school in the dark agrees well in every major detail with the 

behavior of other schooling fishes under similar conditions in aquaria. For 

instance, the following species of fish stop schooling if the amount of lght 

falls below a certain threshold value: mullet, J/wgil sp. (Boulenger, 1929) ; 

dwarf herring, Jenkinsia stolifera (Breder, 1929, 1951); silver salmon, 

Oncorhynchus kisutch (Dunkan, 1956); golden rudd, Scardinius erythro- 

phthalmus (Boulenger, 1929; Keenleyside, 1955); chub mackerel, Pneu- 

matophorus grex (Schlaifer, 1942); Atlantic herring, Clupea harengus 

(Newman, 1876; Verheijen, 1953; Puchkov, 1954). The present experi- 

ments and the evidence reported by the authors noted above demonstrate 

clearly that the fish must see each other in order to integrate and maintain 

the school. Henee, vision in sardines, as in any other schooling fishes, is the 

dominant sensory modality involved in schooling. 

(2) The sardines’ avoidance of the beam of intermittent light in total 

darkness, revealed in the present study, produces positively a deflecting 

effect, and clearly explains the use of this type of light in California purse- 

seine fisheries to keep the catch of sardines within the seine until the bottom 

has been closed. Brett and MacKinnon (1953) evaluated the deflecting 

effect of intermittent light on a young king salmon, Oncorhynchus tshawy- 

tscha. Dunkan (1956) found that the fingerling silver salmon, Oncorhyn- 

chus kisutch, experiences “typical fright reaction with sudden, spasmodic 

movement and rapid darting away from the light directed on the fish and 

quickly turned on and off.” 

(3) Referring to the loss of equilibrium by sardines caused by a rapid 

switching of illumination from standard white light to red light or total 

darkness, an observation by Woodhead and Woodhead (1955) on the be- 

havior of herring larvae is worth mentioning. As in the ease of our sar- 

dines which responded to red light or total darkness by assuming a vertical 

body position and slowly progressing toward the surface “with heads up 

and tails down,” the herring larvae in the Woodhead experiments behaved 

in a similar manner when exposed to diffuse white light of low intensity 

(down to 3 m. ¢.) and to red light (above 6500 A). Their fish, kept in a 

tall glass eylinder with illumination provided from above, swam upward 

only vertically, ‘standing on their tails.” 

(4) In regard to the reorganization of the typical loose ring-shaped 

school of sardines into a compact ball-shaped formation caused by the 

change of illumination from standard white light to the red light, it should 

be noted that the sardines kept under observation in the Steinhart Aquarium 

since 1949 have never behaved similarly. Wilson (1949) described an iden- 

tical performance displayed by gobies, Gobius flavescens, in the Plymouth 

Aquarium. This species possesses no schooling proclivity, and usually when 
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in groups, the fish swim about individually with jerky forward motions. 

According to Wilson, however, on one occasion about three hundred gobies, 

each an inch long or less, were placed in a tank, and “instead of dispersing 

immediately, they kept together in compact rather globular shoals each 

consisting of fifty or a hundred fishes. For one or two days these shoals 

moved slowly through the tank keeping more or less in mid-water .. .” 

Gradually the schools broke up and the gobies dispersed throughout the 

tank. Wilson assumes that this unusual schooling phenomenon of a non- 

schooling species was “perhaps a fear reaction induced by capture and by 

strange surroundings.” An analogous behavior of the Pacific sardine in the 

sea was reported by Allen (1920), who had observed a small school of little 

sardines in the presence of a large loon, Gavia immer Brinnich. This school 

‘Was very compact and was in the form of a symmetrical ball approximately 

six feet in diameter.”’ The loon made several divines through this school 

but failed to catch a single fish. “The sphere of fish indented like a hollow 

rubber ball at the point of attack, then scattered shehtly, coming together 

again into a sphere as the bird passed to the other side.” Another field ree- 

ord of a compact globular school observed in nature was recently reported 

by Springer (1957). A school of “majua,” Jenkinsia lamprotaenia Goose, 

comprising approximately 7,500 or more fish, assumed a dense ball-shaped 

formation, occupying not more than a cubie foot and moving at much higher 

speed than individuals could have moved. This observation was made in 

Tortugas harbor during night collecting using electric light for attracting 

the fish. 

The present experimenters recently tested this protective adaptation in 

eroup behavior of the sardine by the introduction of a predator fish, the 

striped bass, Roccus saxatilis (Walbaum), about 50 em. in standard leneth, 

into a tank containing over 150 voung sardines. In the presence of the 

predator fish, school reaction and behavior were very similar to those de- 

seribed by Allen (1920) and to those recorded here in the experiments 

dealing with the appheation of red light. Therefore, the abrupt change in 

environmental factors, such as illumination by switching from standard 

white light to the red light, could elicit a strong fright reaction which, in its 

acuity and intensity, 1s equivalent to the alarm induced by the presence of 

an ageressive predator. In other words, this is the most pronounced natural 

negative reaction of the sardine to the red heght so far obtained under 

laboratory conditions. 

(5) As to the preferential reactions of the sardine in the experiments 

intended to elicit the fish’s ability to discriminate heht of different wave- 

lengths, it was disclosed that the sardine’s reaction to the red light in any 

combination with other light sources is strongly negative. In recent litera- 

ture there are records of similar avoidance of the red light. For instance, 
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all five species of young marine fishes (Oplegnathus fasciatus, Monocanthus 

cirrhifer, Cybium niphonium, Spheroides niphobles, and Sphyraena ja- 

ponica) in the experiments of Kawamoto and Takeda (1951) have shown 

a very low percentage (from 0 to 5.3%) of gathering in the zone illumi- 

nated by the red light, while green and blue lights remained most attrac- 

tive stimuli for the same species (up to 40.6% and 43.5% respectively.® 

Tn the experiments with young vendace, Coregonus albula, Privolnev (1956), 

using apparatus and methods very similar to those described in this report, 

found that this freshwater species reacted negatively to the red light 

(12.8%), and positively to the green (27.2%) and white (23.4%), and less 

positively to the blue and to darkness (18.3% for each).1° In Borisoy’s 

experimental catches in the Caspian Sea using white and colored electric 

lights, the Caspian sprat, Clupeonella delicatula caspia, reacted negatively 

to the red light. Only 0.5% of the total experimental catches were made 

using red light (Privolnev, 1956). Many more data of the earlier reports 

on this subject are abundantly presented in the reviews of the literature 

on color-vision in fishes by Reeves (1919), Warner (1931), Brown (1937), 

Walls (1942), Herter (1953), and others. 

Another peculiarity of the sardine’s reactions to colored lights is that it 

seemed unable to show a preference for either green or blue hghts when 

they were offered in pairs. Similar difficulties were experienced by the mud- 

minnow, Umbra limi, in the studies conducted by White (1919), and by the 

black bass, Micropterus salmoides, in Brown’s experiments (1937). These 

fishes could not distinguish blue from green. 

(6) The red light causes most of the duplex teleost fishes already in- 

vestigated to respond vigorously in one way or the other. Usually, the light- 

adapted, or photopic species, will rather avoid the red light, as is the case 

in the present study, while the dark-adapted, or scotopic forms, such as the 

Japanese eel, Anguilla japonica, will be attracted by it (Kawamoto and 

Takeda, 1951). On the basis of the instinctively strong negative reactions 

of Charax puntazzo, Atherina hepsetus, and Box salpa to red light, Bauer 

(1910, 1911) called this phenomenon “Rotscheu” or red-shyness, red-fear. 

A display of red-negative response by photopic fishes and red-positive pho- 

9. Kawamoto and Takeda (1951) tested the discriminating ability of their experimental marine fishes in an 

apparatus divided into eight zones and illuminated with filtered light of different wave-lengths of 50 luxes each. 

The color filters were arranged in two ways, one in order of wave-lengths and the other at random. The average 

results of the gathering of the fish for the entire group are as follows: in the red compartment 2.18%, in the 

orange 5.56%, in the yellow 10.58%, in the green 30.18%, in the blue 31.58%, in the indigo 7.52%, in the 

violet 2.32%, and in the white 10.6%. 

10. Kurien et al. (1952) stated that Mugil, Hemiramphus, Caranx, Arius, Equula, Stolephorus, Chatoessus, 

Brachyurus, Cattle fish, Penocus, Paloemon, Scylla, and Neptunus responded to green, blue, and red lights, 

and that these lights were found more effective than white light in attracting the fish, the green light being most 

effective. However, the authors gave no details as to which particular colored light had been preferred by which 

particular fish or prawn listed. 
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totactic response by scotopic ones explains a high attentive value for red, 

and therefore this display is a proof that the fish has redness perception, and 

that this perception is based on a function of light wave-length." 

SUMMARY 

1. The present investigation was conducted in order to study experi- 

mentally the effects of various types of illumination on the Pacific sardine, 

Sardinops caerulea (Girard), from the point of view (a) of the behavior 

of the school as a unit, and (b) the ability of the fish to discriminate dif- 

ferent colors of light. 

2. The first group of the experiments were carried out in a display 

tank of the Steinhart Aquarium. In these experiments, the effects on the 

behavior of the school of the pure green, blue, and red illumination as well 

as total darkness and flashing and constant beams of white light of low 

intensity in total darkness were studied. 

3. Out of the three colored lights of both different and uniform light 

intensities, only the red light elicited what are here called negative reactions 

as explained in the text. These were as follows: (a) at the sudden switch- 

ing from white light to the red, the school displayed fright reactions with 

a partial breaking up of the school pattern and the loss of body equilibrium 

in individual fish; (b) during prolonged exposure to the red light the 

school continued to display the fright reactions, being in a state of total 

confusion; (¢) the normal harmony of circular movement of the school 

and the direction of movement were never restored during the hour-long 

exposures. 

4. The sudden switching from white light to the blue or green, or pro- 

longed exposure to either of these colored lights elicited no appreciable 

difference in the behavior of the school as a unit. 

5. The application of white illumination of various light intensities 

equivalent to those of the colored lights tested caused no change in the 

typical and normal behavior of the school. 

6. The sudden turning off of the light caused a shock effect on the fish, 

including mass loss of body equilibrium. The total darkening of the tank 

invariably led to a complete disorganization of the school. During pro- 

longed exposure to darkness the equilibrium was gradually restored, but 

11. In this respect, it is interesting to recollect a rather anthropopathic observation made by Walls (1942) 

which is as follows: “Perhaps it is because red, distinctively visible as red, is so unfamiliar to fishes that it gives 

them such a start . . . Both shunning and pursuit of red mean the same thing—that the fish sees red vividly, 

that it is strange, and that it fascinates him.’’ 
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the school as a unit at all times remained broken up, and the sardines swam 

about slowly and aimlessly in all directions as if they were incapable of 

forming a school and of resuming a clockwise circling. 

7. However, a very gradual reduction of the light intensity of the white 

illumination from 38.9 foot-candles down to almost zero (below 0.01 foot- 

candle) by means of an iris diaphragm produced no effect like the one ob- 

served at the sudden switching from light to total darkness. 

8. The adaptation of the organs of sight to the change in illumination 

occurred in a comparatively short time. It was established that after the 

sardines had been exposed for five minutes to the colored lights the feed- 

ing responses of the fish to live brine shrimp, Artemia salina, in compari- 

son with those under control illumination (white light of 20.0 foot-candle 

intensity), were delayed as follows: from a few seconds in green leht, up 

to 35 seconds in red, and about a minute in blue. When the sardines were 

exposed to colored lights for half an hour, the feeding responses were imme- 

diate and intensive regardless of the color of illumination. 

9. The flashing beam of white light of low intensity (much below 1 

foot-candle) elicited fright reactions on the part of the sardines, forcing 

the school to break up and hide in the dark half of the tank and to avoid 

entering the field of light. No typical circling was maintained by the 

sardines. 

10. The same beam of ght constantly illuminating half of the tank 

caused no fright reaction, but instead it helped the sardines to re-form the 

typical school and to resume normal clockwise circling, as under control 

illumination. 

11. In the second phase of the study the discriminative ability of the 

sardine in regard to different types of illumination was explored in the 

specially constructed dark room and the experimental wooden tank, which 

was divisible into two and three contrasting lhght zones. 

12. In the three-zone experiments the following combinations of lights 

were tested: red—white—blue, red—white-green, and red—green—blue. 

13. In the two-zone experiments the following combinations of lights 

were tested: red—white, red—blue, red-green, blue-white, blue-green, and 

ereen—white. 

14. In all combinations of lights maintained at the 10 foot-candle level, 

the effect of the red light on the sardines remained invariably negative in 

contrast to the preferential positive reaction of these fish toward any other 

light tested. 

15. In the experiments using the tank divided into three zones, when 

the red light was opposed by the blue or green in combination with white 

light, the preferentially positive reaction of the sardine was manifested 

either toward the blue or the green (52.94% and 55.80% respectively), 
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while a much less positive reaction was displayed in regard to the white 

light (38.24% in combination with blue, and 34.19% with green), which 

occupied the intermediate position between the red and blue or red and 

green lights. 

16. In combinations of the red, green, and blue lights, the preferential 

positive reaction of the sardines was divided almost evenly between the 

ereen and the blue (48.97% and 50.36% respectively), with the most marked 
negative reaction toward the red light (0.67%). The similar relation of 

the indicators of the sardine reactions to the blue and green lights remained 

unchanged in the experiments in the two-zone tank (49.17% for the green 

and 50.83% for the blue). 

17. The average indicator of the negative effect of the red heht on the 

sardine for all three combinations tested in the three-zone experiments was 

found to be 6.50%. The figures obtained by testing the red light against 

each of the three types of light sources separately show that the average 

indicator for the red light remained almost unchanged (6.67% ). 

18. In the experiments with white heht against blue or green sepa- 

rately, the sardines displaved negative reactions to the white light (26.95% 

and 21.37%) and definitely positive responses to the blue (73.05%) and 

ereen (78.63% ). 

19. The experiments revealed three important factors in sardine reac- 

tions to the light and darkness: (1) the sardine is a phototactie animal; 

(2) the sardine is ineapable of reacting differently to different intensities 

of the white ight ranging from 0.01 to 38.9 foot-candles; (3) and the sar- 

dine is capable of discriminating qualitatively the colors of light of the 

three primary colors. 

20. The Pacific sardine proved to be strongly negative to the red light 

However, the fish tolerated this type of illumination when it was tested in 

combination with total darkness. 
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In 1900 Wm. H. Dall of the United States National Museum described 

Phyllaplysia taylori from some specimens sent to him by Rey. Dr. George W. 

Taylor of Wellington, British Columbia, which Taylor had collected from 

some floating sea-grass near Nanaimo, B. C. The deseription was quite brief 

and there were no illustrations. Dall did not mention a shell and stated that 

the animal was “. .. translucent, of a uniform pale lemon-yvellow color, .. .” 

Shortly thereafter, Dall sent one specimen to Dr. Rudolph Bergh who rede- 

seribed the form in somewhat greater detail in 1902. Bergh included ten 

figures in his paper, deseribed a shell, and generally agreed with Dall about 

the color and lack of markings on the animal. Bergh discussed the radula in 

some detail. 

On the west coast of the United States biologists came to know the green, 

striped tectibranch that is common on the eelgrass of the bays as Phyllaply- 

sia taylori, and the species became well known to many of the marine biolo- 

oists. It is not known who first misidentified the form, but the misidentifica- 

[ 549 J 
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tion has been nurtured in the laboratories of the west. The species described 

by Dall and redeseribed by Bergh had a shell and was subsequently removed 

from the genus Phyllaplysia and transferred to Petalifera (= Aplysiella) 

by Engel and Hummelinck (1936). Dr. Ernesto Marcus (personal communi- 

cation) tells me that this is now known correctly at Petalifera petalifera 

taylori (Dall, 1900). The green, striped form that is well known on the 

Pacific Coast is without a shell and properly belongs in the genus Phyllaply- 

sia. There are a number of other differences between the species described by 

Dall and the green, striped form. The color of Dall’s species was said to be 

lemon-yellow when preserved in alcohol and to be without markings. The 

green, striped form is also yellow in aleohol, but the black lines are still vis- 

ible in some specimens which I have had in alcohol for more than ten years. 

According to Bergh, Dall’s species has a radula with 33 rows of toothplates 

of 32-34 lateral toothplates on each side of a median toothplate, whereas in 

the green, striped form the radula consists of 41 rows of toothplates of 50 

lateral toothplates on either side of the median toothplate. Furthermore, the 

median toothplate of Dall’s species has two lateral teeth on each side of a 

pointed median tooth, and the median toothplate of the green, striped 

species has only one small lateral tooth on either side of the median, less- 

pointed tooth. 

The green, striped form has been misidentified and become well known by 

the wrong name; as a matter of fact, this relatively common form is to this 

time unnamed and undescribed. I here propose the name Phyllaplysia zosteri- 

cola for its habit of lving upon the blades of the broad-leafed eelgrass, 

Zostera marina. 

Specimens used for this description were collected in Mitchell Bay, San 

Juan County, Washington. Live specimens were maintained in the laboratory 

at room temperature, under aeration. The sea water was changed every two or 

three weeks and the eelgrass likewise changed. I was able to maintain the 

animals for more than three months in this manner. 

Most of the morphology was worked out from dissections under the stereo- 

scopic microscope. Details of the anatomy were worked out with serial sec- 

tions stained with alum-haematoxylin and triosin. Serial sections of the adult 

were used for the details of the reproductive system but serial sections of a 

juvenile proved more satisfactory for most of the other details because of 

better fixation and better size. Whole mounts of small juveniles were stained 

with paracarmine and cleared. 

Phyllaplysia zostericola McCauley, new species. 

Synonyms. P. taylori Dall, 1900 of MacGinitie, 1939. 

P, taylori Dall, 1900 of Ricketts and Calvin, 1948. 

P. taylori Dall, 1900 of MaeGinitie and MacGinitie, 1949. 

P. taylorz Dall, 1900 of Smith et al., 1954. 
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Type. The type was collected from the blades of Zostera marina at 

Mitchell Bay, San Juan Island, Washington, in July, 1948. It has been de- 

posited in the collection of the California Academy of Sciences and has been 

designated as Type No. 8342, Department of Geology, C.A.S. 

DraGnosis. Size of the living specimen 50 mm. long by 10 mm. wide, sub- 

ject to great variation. Elliptical, of a pale green color with dorsal longitu- 

dinal white stripes edged with black stippling. Stripe next to edge of foot 

lacks stippled margin. Foot of uniform green color. Anterior end continues 

into two leaflike tentacles with lateral slits. Pair of rhinophores posteromed- 

ially to two small eyes. Foot broad, continuous with body and separated from 

head by “gutter.” No anterior notch in foot. Penis cavity anterior to base of 

right rhinophore, penis unarmed. Right parapodium folds over left to cover 

branchial cavity. Opening of genital pore anterior to incurrent opening of 

branchial cavity on dorsal body surface. Seminal groove from genital pore 

to penis cavity. Shell absent. Ctenidium single. Radula of 40-41 rows of 

teeth with 42-52 lateral teeth on either side of rachidial tooth. Rachidial 

tooth with one small lateral cusp on each side of a slightly larger median 

cusp. First lateral tooth with a small cusp on medial side only of a broad 

cusp. Distal lateral teeth of a single hooklike cusp, some with a small notch. 

Discussion. Phyllaplysia zostericola is larger than any of the other rep- 

resentatives of the genus. This form is extremely common in areas where it is 

found and therefore different from all other species which Marcus and Mareus 

(1957) state to be rare. Phyllaplysia engeli Mareus, 1955, claimed to be more 

plentiful than the others is not nearly as common as P. zostericola which may 

be collected by the thousands in less than an hour. As in P. engeli the genital 

opening lies outside the branchial cavity, not within it as in P. lafonti (P. 

Fischer, 1870). Phyllaplysia paulini Mazarelli, 1895, is green with white 

stripes, but P. zostericola has obvious black stippling which makes the lines 

appear black instead of white. It does not have the secondary shell that is 

found in P. engeli. 

The genus Phyllaplysia was established by P. Fischer in 1872 with P. 

lafonti (Fischer, 1870) as the type species. Mareus (1955) lists the following 

representatives of the genus: P. paulini Mazarelli, 1895; P. brongniartii 

(Blainville, 1825) Engel, 1934; P. ornata (Deshayes, 1853) Fischer, 1872; 

P. depressa (Cantraine, 1835) sp. ing.; P. viridis (Bergh, 1905) ; P. varicolor 

(Bergh, 1905) ; P. plana Eales, 1944; and P. engeli Marcus, 1955. None of the 

above is from North American waters. 

Phyllaplysia zostericola is found living on the leaves of Zostera marina in 

the protected waters of many of the bays along the west coast of North 

America. In addition to the type location of Mitchell Bay in San Juan 
County, Washington, several other locations in the San Juan Archipelago 
have the form in great quantities. I have collected it in Puget Sound, Wash- 
ington, in the vicinity of Bremerton in Dye’s Inlet, and near the northern 
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city limits of Seattle. I have also collected it in Newport Bay, near Balboa 

Island in southern California. The form is well known from Elkhorn Slough 

near Monterey, California (MacGinitie, 1939; Ricketts and Calvin, 1948), 

and from Tomales Bay north of San Francisco, California, where Smith et al. 

(1954) report it to be more common than at Elkhorn Slough. I have searched 

the bays of the Oregon Coast very carefully and have failed to find the form 

though the habitat appears to be similar to that found in both Puget Sound 

and California. 

The detailed morphological deseription which follows is based on dissec- 

tion and observation of many specimens. The morphological nomenclature 

is after Eales (1921). 

DETAILED MORPHOLOGY 

The adult of P. zostericola is about 5 em. long and 1 em. wide. Sexually 

mature individuals vary greatly in size, and individuals from one locality may 

differ in size from those from another locality. 

The general outline of the body is elliptical. It is more flattened than most 

of the other members of the Apysiidae, but retains the hump in the region of 

the pallial cavity. The soft body is covered with a layer of mucus. Super- 

ficially the animal appears to be bilaterally symmetrical, but has the torsion of 

a gastropod. The surface of the animal is smooth, without papillae. 

The color dorsally is the same green color as the eelgrass, being a little 

hehter along the margins of the foot. The dorsal surface of the body is marked 

with longitudinal white lines having black stippled margins. These lines vary 

from individual to individual and do not appear to have a definite pattern. 

There are also finely stippled transverse black lines over most of the rest of the 

dorsal surface. There is a thin white line, not bordered with black stippling 

about 4 mm. from the lateral margin of the foot on the dorsal surface of the 

body. The pigmentation is somewhat darker at the anterior end. The longi- 

{udinal markings blend with the veins of the Zostera on which the animal 

lives, and give excellent protective coloration. The ventral surface of the foot, 

a pale green somewhat the color of the inside of a cucumber, has no markings. 

The internal organs are slightly visible through the translucent foot. 

The anterior portion of the body bears two pairs of appendages which give 

the animal the appearance of having ears and a grotesque snout. The anterior 

tentacles (tent.) are a continuation of the tissues which extend anterolat- 

erally from the head. They are leaflike in shape and contractile. In preserved 

specimens they are much contracted and difficult to see, but readily observed 

Figure la. Dorsal view of a living animal from a projected photograph. 

Figure 1b. Rachidian tooth of radula. 

Figure 1c. First left lateral tooth of radula. 

Figure 1d. Hight distal teeth on right side of radula. 
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in living specimens. A lateral groove lined with cilia passes obliquely across 

the tentacles from the anteromedial to posterolateral. One immature specimen 

exhibited rhythmie contractions of these tentacles. 

The posterior pair of appendages, the rhinophores (rh.), are also highly 

contractile and in preserved specimens difficult to observe. They move about 

freely and are probably chemoreceptors. Each rhinophore also has a ciliated 

eroove which causes a current to flow from the distal to the proximal end of 

the structure. The outer tip of the rhinophore is horseshoe-shaped, the open- 

ing of the horseshoe being posterolateral and continuous with the groove. 

The paired eyes (ey.) He anterior to and at the base of the rhinophores. 

Each appears as a pigmented spot on a small papilla. 

Ventral to the right rhinophore the opening of the penis cavity (pn. ap.) 

marks the anterior end of the seminal groove (sem. gr.). The walls of the 

eroove are composed of lateral folds of the epidermis which form a more or 

less closed channel. It passes posteriorly from the opening of the penis sheath, 

lateral to the right rhinophore, and terminates at the common genital aper- 

ture (gen. ap.) on the dorsal surface of the right side of the body about half 

way back. 

In the posterior half of the body on the right side the parapodia (1. par.) 

lateral reflections of the foot, are apparently fused to the dorsolateral body 

walls and meet over the pallial cavity. The right parapodium lies dorsal to the 

left. The pallial cavity lies just posterior to the common genital aperture, 

bounded on the right by the right parapodium, on the left by the mantle, 

ventrally by the inner wall of the foot, dorsally by the overlapping parapodia, 

and anteriorly and posteriorly by the junctions of the right parapodium and 

the mantle. 

Openings of the pallial cavity at the anterior and posterior ends are 

formed by gaps left by the overfolding of the parapodia. These gaps form an 

anterior inecurrent siphon (im. siph.) and a posterior exeurrent siphon or 

opening (ex. siph.). When nareotized with urethane or placed in water low in 

oxygen, the siphons are enlarged by a separation of the flaps. 

Several structures are contained within the pallial cavity, the most prom- 

inent of which is the ctenidium (ct.). It lies with its axis longitudinally di- 

rected, its posterior end being a bit more distant from the midline of the 

Figure 2. Dorsal view of a stained and cleared juvenile about 15 mm. long. The 

abbreviations used in this figure indicate structures as follows: an., anus; ant. giz., 

anterior gizzard; atr., atrium; buc. m., buccal mass; bur. sem., bursa seminalis; ct., 

ctenidium; dig. g., digestive gland;eff. br. v., efferent branchial vein; ex. siph., excur- 

rent siphon; ey., eye; gen. ap., genital aperture; in. siph., incurrent siphon; int., 

intestine; 1. par., left parapodium; 1. sal. d., left salivary duct; 1. sal. g., left salivary 

gland; m., mouth; ws., espohagus; op. g., opaline gland; ovot., ovotestis; pn., penis; 

pn. ap., penial aperture; pn. s., penis sheath; post. giz., posterior gizzard; rh., rhino- 

phore; sem. gr., seminal groove; tent., tentacle. 
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animal than the anterior end. It is composed of a single primary “trunk” 

which gives off parallel much-folded branches, which become progressively 

smaller in an anteroposterior direction. At the base of the ctenidium, on the 

right Gaé: pnsiiic 6 osphradium. 

Therpadi Vity also contains the terminal openings of the digestive and 

the excretory sy stems. The anus (an.) lies on the posterodorsal margin of the 

mantle, and durivg defecation the anus and a portion of the surrounding 

mantte ate-ex a out through the excurrent siphon. The pore of the exere- 

tory system_opens medial to the anterior attachment of the etenidium and on 

the ventral side /of the mantle fold. 

The palial-avity receives the secretions from two sets of glands. The 

large unicellular ‘opaline olands lie in the tissue ventrolateral to the pallial 

cavit! They stain deep purple with hematoxylin. Their function has not been 

determined in ig zostericola, but in Aplysia punciata (Kales, 1921) they are 

supposed to secrete a protective fluid. The other glands in the pallial cavity 

ave thé SthaHer- tnicellular ‘ ‘purple glands.” These le on the ventral side of 

the tip of the mantle and stain pink with triosin. Their function is not known 

In. 2 zoster ‘icola, but in A. punctata they also secrete a purple protective fluid 

when irritated. Ph yllaplysia zostericola has been observed to secrete only a 

milky fuid i into oa water. 

[On the ventra surface of the body at the anterior end, the mouth (m.) is 

the only! prominent structure. Located ventrally just posterior to the notch 

betwee the anterior tentacles, it consists of an oval opening surrounded by 

longitudinatfolds- When feeding, the size of the opening is increased uni- 

formly tm all directions, and the radula is extended through this enlarged 

openings 

On the ventral surface of the animal posterior to the mouth there is a 

transverse fold called the gutter which is commonly taken to delimit the head. 

Posterforto thet e@utter is the foot. 

The entire surface of the foot is covered with ciliated epithelial cells 

interspersed with many eland cells. The anterior end of the foot is truncated 

but not notched, and the posterior end, roughly triangular, extends beyond 

the visceral hump to form a “tail.” 

Figure 3. Diagram of the digestive system. The abbreviations used in this figure 

indicate structures as follows: an., anus; ant. giz., anterior gizzard; ant. giz. t., an- 

terior gizzard teeth; dig. g., digestive gland; int., intestine; long. folds, longitudinal 

folds; 1. sal. d., left salivary duct; m., mouth; ws., esophagus; ws. v,. esophageal 

valve; post. giz., posterior gizzard; rad., radula; r. sal. g., right salivary gland. 
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DIGESTIVE SYSTEM 

(Figure 3.) 

The digestive system of P. zostericola is similar in most respects to that of 

other gastropods. The mouth leads into the buecal cavity from which the 

csophagus (@s.) arises. The cesophagus continues posteriorly through the 

ganglionic ring, then opens into a thin-walled crop which in turn is econ- 

tinuous with the muscular heavy-walled gizzard (ant. giz.). The gizzard eon- 

tains teeth (ant. giz. t.) which almost fill the lumen of the digestive tract at 

this point. The posterior part of the gizzard (post. giz.) is pouchlike and com- 

municates posteriorly with the digestive gland (dig. g.) and intestine (int.). 

The intestine terminates posteriorly at the anus (an.). The glands of the di- 

gestive system include the digestive gland lying along the left side of the vis- 

ceral mass, and the paired salivary glands (/. and r. sal. g.) lying on the 

dorsal surface of the stomach. 

1. Mouth. The mouth (m.) lies on the ventral surface between the ante- 

rior tentacles. It is surrounded by about 15 longitudinal folds (long. folds) 

which, together with the oral sphincter, permit the opening to be enlarged. 

Posterior to the longitudinal folds the walls of the oral cavity are lined with a 

layer of elongate epithelial cells, each with a conspicuous basal nucleus. The 

apex of each cell is crowned with noncellular horny material which appears to 

be a secretion of the cells. Eales (1921) calls these “stick cells.” The horny 

material, in some areas thicker than the cellular layer, fuses to form the man- 

dibular plate. The anterior part of the oral cavity is lined with this mandib- 

ular plate, but the plate does not extend posteriorly beyond the point of 

origin of the esophagus. The mandibular plate extends lateroventrally to the 

odontophore. At no place does the odontophore contain stick cells or their 

horny secretion. 

The odontophore lies in the center of the oral cavity with its anterior edge 

well within the mouth. The muscles which operate it are inserted inferiorly 

and posteriorly on the cartilaginous part of the odontophore. This cartilage- 

like structure is subspherical in shape and is covered dorsally and laterally by 

the radular sac. A median furrow on the dorsal and anterior surface of the 

odontophore contains the radula (rad.). Lateral furrows on either side of 

the median furrow limit the width of the radula. 

The radula has from 40-41 rows of teeth consisting of 42-52 lateral teeth 

on either side of a rachidian tooth. The rachidian tooth (fig. 1b) has a central 

cusp flanked on either side by one small lateral cusp. The base of the rachidian 

tooth has two legs. The lateral teeth next to the rachidian tooth (fig. 1e) 

bear a small cusp distal to a broad cusp, but the rest of the lateral teeth (fig. 

1d) have a single cusp though an occasional cusp will appear notched. 

2. Salary Glands. Paired tubular salivary glands lie on the dorsolateral 

surface of the stomach. The right gland (1. sal. g.) is somewhat larger than the 
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left (1. sal. g.). Small tubular salivary duets (1. sal. d.) extend anteriorly in 

contact with the esophagus, passing lateral to the point of emergence of the 

cesophagus, and open into the top of the buceal cavity. 

3. Oesophagus. After emerging from the dorsal surface of the buccal mass, 

the esophagus (@ws.) turns abruptly downward, passes through the ganglionic 

ring, and then continues posteriorly. It enters the ventral portion of the crop 

through a four-flapped valve (@s. v.). The walls of the esophagus are heavy 

longitudinal folds lined with a thickly ciliated epithelium. 

4. Stomach. The stomach is divided into three parts, the crop, anterior 

gizzard (ant. giz.), and posterior gizzard (post. giz.). The crop, a thin-walled 

sac posterodorsal to the ganglionic ring, is lined with nonciliated cells which 

differentiate it from the csophagus. The wall consists of epithelium sur- 

rounded by a circular layer of muscles. The crop is continuous posteriorly 

with the anterior gizzard, a structure of approximately the same external 

diameter. The anterior gizzard, however, is surrounded by an exceptionally 

heavy circular laver of muscle and contains about 15 chitinous teeth (ant. 

giz. t.). These teeth, arranged in sockets, arise from cells similar to the stick 

cells of the mandible. In the preserved specimens the teeth can easily be re- 

moved from the sockets. The sockets appear to be undereut on the margins, 

and the epithelium between the sockets and covering the undereut surface 

is greatly folded. 

The posterior gizzard is continuous with the anterior gizzard, but lacks the 

large teeth of the latter. There are, however, about twelve long narrow tooth- 

like spines projecting from the walls. The lining of the posterior gizzard ap- 

pears to be a continuation of the inter-socket lining of the anterior gizzard. 

The wall of the second gizzard is composed of a layer of cuboidal cells sur- 

rounded by a thin circular layer of muscle. The posterior gizzard is fused 

ventrally to a median strand of longitudinal muscles. 

5. Digestive Gland. The digestive gland (dig. g.) lies on the left side of 

the body and extends posteriorly from the stomach along the left side of the 

visceral mass. Its cavity is continuous with the stomach eavity. It contains 

numerous channels that pass into the tissues, some end blindly, and others 

anastomose to form a network of canals. The intestine emerges from the ante- 

rior part of the digestive gland and is continuous with the main eavity of the 

oland. The cavities of the dieestive gland are lined with cuboidal gland cells, 

each with a basal nucleus. 

6. Intestine. Immediately after its origin from the digestive gland, the 

intestine (int.) extends anteriorly, then turns 180 degrees to the right and 

proceeds posteriorly to the anus (an.). It is ined with a folded layer of eili- 

ated columnar epithelial cells which are enveloped within a thin circular layer 

of muscle. The anus is provided with a sphincter. 
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CIRCULATORY SYSTEM 

(Figure 4.) 

1. Heart. The two-chambered heart, located dorsally on the right side of 

the body, is anterior to the pallial cavity. It lies obliquely across the surface 

of the visceral mass; the anterior part is near the midline, and the posterior 

part is somewhat to the right of the midline. It lies so near the surface of the 

body that the heartbeat can be observed with transmitted light. 

The posterior chamber of the heart, the atrium (atr.), is a thin, reticulate, 

spherical sae open at both ends. It opens into the ventricle (ventr.) anteriorly 

and receives the efferent branchial vessel (eff. br. v.) posteriorly. Its walls 

are thin, composed of a single layer of flattened cells, interspersed with small 

muscle cells. A few muscle fibers extend across the cavity. 

The anterior chamber of the heart, the ventricle (vent.), is a heavy retic- 

ulate saclike structure shaped like a truneated cone, with the smaller end an- 

terior. It is connected posteriorly with the atrium and anteriorly with the sae- 

like aorta. The walls of the ventricle, more muscular than the walls of the 

atrium, are composed of a single layer of flattened cells with scattered muscle 

strands among them. The cavity of the ventricle contains many muscle fibers 

which stretch across it from wall to wall. 

The heart les in the pericardial sinus, a cavity much larger than the heart 

itself. The sinus communieates posteriorly with the kidney through the reno- 

pericardial duct. 

2. Arterval System. Anterior to the ventricle a thin-walled, saclike vessel, 

the common aorta (com. ao.) serves as a common artery for all the blood that 

leaves the heart and gives rise to four large arteries: 

a. Abdominal aorta (adb. ao.). This artery leaves the common aorta pos- 

teriorly and passes along the dorsal surface of the digestive gland. More pos- 

teriorly and to the right, the abdominal aorta divides into three arteries. The 

most anterior of these is a small vessel which runs to the little hermaphroditie 

duct (lit. herm. d. a.). The middle branch goes to the hermaphroditie gland 

(herm. a.), bifureating before it enters the tissues. The posterior branch goes 

to the hermaphroditie gland without dividing. Within the hermaphroditic 

gland the arteries divide repeatedly to supply all the lobes of the gland. 

Figure 4. Diagram of the circulatory system. The abbreviations used in this fig- 

ure indicate structures as follows: abd. ao., abdominal aorta; ant. ao., anterior aorta; 

ant. gen. a., anterior genital artery; ant. pn. a., anterior penial artery; atr., atrium; 

com. ao., common aorta; eff. br. v., efferent branchial vein; g. ws. a., gastro-esophageal 

artery; herm. a., hermaphroditic artery; 1. herm. d. a., large hermaphroditic-duct ar- 

tery; ped. a., pedal artery; peribuc. a., peribuccal artery; post. pn. a., posterior penis 

artery; rh. a., rhinophore artery; spct. a., spermatocyst artery; spth. a., spermathecal 

artery; ventr., ventricle; vulv. a., vulvar artery. 
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b. Genital artery. The genital artery originates from the common aorta 

and extends laterally to the right. It soon bifureates, giving rise to two large 

branches, one of which turns posteriorly, the other anteriorly. 

The posterior branch runs along the oviduct supplying about eight small 

branches in succession to the oviduct and one small artery to the seminal re- 

ceptacle (spect. a.). It also gives off branches in the tissues of the mucous gland 

and then passes to the foot where it could no longer be traced. 

The anterior branch of the genital artery (ant. gen. a.) extends antero- 

laterally along the oviduct to the bursa seminalis where it gives rise to a small 

branch to the spermatheea. It then continues laterally along the large her- 

maphroditie duct and divides into one ventral and two dorsal arteries (vulv. 

a.) to the vagina. 

ce. Gastro-csophageal artery (g. ws. a.). The gastro-csophageal artery 

arise from the common aorta and passes anteriorly and to the left giving off a 

branch to the right surface of the stomach, a branch to the ventral surface of 

the digestive gland, and then continues on to the left surface of the stomach. 

The artery to the digestive gland enters the ventral surface and gives off a 

small artery to the left body wall. The right and left gastric arteries continue 

anteriorly along the lateral surfaces of the stomach, giving rise to two branches 

to the stomach wall and small branches to the salivary glands. 

d. Anterior aorta (ant. ao.). The anterior aorta arises from the anterior 

and right side of the common aorta. The first branch to separate is a small 

dorsal vessel to the spermatheca (spth. a.). Next a branch enters the right 

body wall. The main portion of the anterior aorta continues medioventrally 

beneath the ganglionic ring, giving rise to two branches (ped. a.), one to either 

side of the body to the tissues of the foot. The anterior aorta then gives off two 

small arteries to the right which supply the penis sheath (ant. pn. a. and post. 

pn. a.) and one to the left which runs to the region behind the rhinophore. 

The anterior aorta then enters the buccal mass and gives a branch laterally to 

either side of the buecal mass (peribuc. a.) and a branch to each rhinophore 

(Th, a.):. 

3. Venous System. There are no capillaries in P. zostericola, so that the 

function of getting blood to the tissues is accomplished by many ill-defined 

sinuses which constitute the hemocoel. In the absence of true veins, several 

sinuses in the vicinity of the pallial cavity return blood to the ctenidium, from 

which it returns to the heart. Blood flows from the ctenidium to the atrium by 

way of the efferent branchial vessel (eff. br. v.). 

RESPIRATORY SYSTEM. 

(Figure 4.) 

The respiratory system consists of the single asymmetrically placed cteni- 

dium (ct.) typical of the tectibranchs. It is a highly convoluted sae located 
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in the pallial cavity, attached anteriorly and medially. Water passes over the 

ctenidium by ciliary action, enters the anterior incurrent siphon (in. siph.) 

and passes out the posterior exeurrent siphon (er. siph.). The etenidium is 

continuous with the atrium of the heart anteriorly by means of the efferent 

branchial vessel (eff. br. v.), thus providing for aeration of the blood immedi- 

ately before it passes into the heart. Medially the ctenidium is continuous with 

the sinuses associated with the kidney. 

The walls of the ctenidium, composed of a thin epithelium, are supported 

by scattered strands of muscle fiber. Isolated cells in the interior of the cteni- 

dium (in cross sections) may be either amoeboid cells or sections of minute 

muscle or nerve cells. When a drop of fixative or other toxie substance is 

added to the medium, the etenidium is rapidly withdrawn into the mantle 

cavity, indicating muscle tissues in the etenidium. 

The surface of the ctenidium has small scattered ciliated brushes, which 

may be sensory and aid the osphradium. Near the base of the etenidium, tis- 

sues of unknown function appear to be quite glandular. 

EXCRETORY SYSTEM. 

The excretory system consists of a single asymmetrically placed kidney 

embedded in the mantle tissues which overlie the visceral mass. It is a sub- 

triangular sac lying to the right of the midline with the base along the margin 

of the mantle and the apex dorsal to the atrium. The inner walls are composed 

of a single layer of large cuboidal cells, folded into many parallel lamellae 

which project into the lumen. Anteriorly this sae opens into the pericardial 

canal which is lined with cells bearing long cilia. Posteriorly the kidney opens 

into the mantle cavity through the excretory pore at the posterior edge of the 

base of the ctenidium. The exeretory tissue is surrounded by a sinus which 

opens into the cavity of the ctenidium. The cavity of the kidney and the peri- 

eardium constitute a part of the true coelom. 

NERVOUS SYSTEM. 

(Figure 5.) 

The central nervous system consists of the paired cerebral, pedal, and 

pleural ganglia, constituting the cireumesophageal ganglionic ring; the un- 

paired visceral and parietal ganglia ; and the paired buccal ganglia. 

1. The Buccal Ganglia and Nerves. The bueeal ganglia (buc. g.) on the 

posterior wall of the buccal mass ventral to the point of origin of the cesoph- 

agus, consist of two ovoid ganglia connected medially by a short commissure. 

They connect posteriorly to the cerebral ganglia by the cerebrobuceal connec- 

tives which pass laterally from the buccal ganglia and turn posteriorly and 

dorsally to enter the anterior surface of the cerebral ganglia. The buceal gan- 

glia give rise to the following nerves: 
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a. Thesingle radular nerve (B-7) arises from the midpoint of the bueeal 

commissure and passes anteriorly along the dorsoposterior surface of the 

bueeal mass. Rami run to either side of the buecal mass. 

b. The paired ventral pharyngeal nerves (B-2) extend anteriorly from 

the lateral portion of the bueeal ganglia and enter the ventral wall of the 

bueeal mass. 

e. The paired dorsal pharyngeal nerves (B-3), larger than the ventral 

pharyngeal nerves, pass anteriorly from the lateral tip of the buccal ganglia 

around the lateral walls of the buccal mass. Each divides into two rami which 

penetrate the tissues of the buceal mass. 

d. The salivary gland nerves (Eales, 1921) were not found, but exami- 

nation of the serial sections revealed both salivary glands in contact with the 

buccal ganglia, and the possibility that small nerves run to the glands cannot 

be excluded. 

e. The gastro-cesophageal nerve (B-4) is a large unpaired nerve which 

arises from the left buccal ganglion, courses posteriorly with the esophagus, 

and then penetrates the anterior gizzard. 

2. The Cerebral Ganglia and Nerves. The paired cerebral ganglia (c. g.) 

lie dorsal and lateral to the esophagus and are joined by the cerebral commis- 

sure which crosses the esophagus dorsally. They are connected to the buceal 

ganglia by the cerebro-buccal connectives, to the pedal ganglia by the cerebro- 

pedal connectives, and to the pleural ganglia by the cerebro-pleural connec- 

tives. The cerebro-pedal and cerebro-pleural connectives extend posteroven- 

trally, lateral to the esophagus. The cerebro-pleural is medial to and slightly 

above the cerebro-pedal. Nerves which arise from the cerebral ganglia are as 

follows: 

a. The paired tentacular nerves (C-1) are the most anterior nerves to 

arise from the cerebral ganglia. Each extends anteriorly from its ganglion, 

beneath the outer edge of the buccal mass to the anterior tentacles. It bifur- 

cates at the level of the posterior margin of the tentacles and both rami pene- 

trate the tentacles. The median ramus innervates the muscular tissue of the 

tentacles. The lateral ramus passes to the inner edge of the lateral suleus and 

forms a four-lobed ganglion (tent. g.). Two lobes extend, one on either side 

Figure 5. Diagram of the nervous system. The abbreviations used in this figure 

indicate structures as follows: buc. g., buccal ganglion; c. g., cerebral ganglion; osph. 

g., osphradial ganglion; par. g., parietal ganglion; ped. g., pedal ganglion; pl. g., 

pleural ganglion; rh. g., rhinophore ganglion; tent. g., tentacular ganglion; vis. g., 

visceral ganglion. Nerves are labeled numerically from each ganglion, those from the 

buccal ganglion as B-1, B-2, etc.; those from the cerebral ganglion as C-1, C-2, ete.; 

those from the pleural ganglion as Pl-1, Pl-2, etc.; those from the pedal ganglion as 

P-1, P-2, etc.; those from the parietal ganglion as Pa-/, Pa-2, etc.; and those from the 

visceral ganglion as V-/, V-2, etc. 
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of the suleus, a third lobe lies alone the inner edge of the suleus, and the 

fourth lobe hes proximally along the nerve. 

b. The paired rhinophore nerves (C-2) arise from the cerebral ganglia 

and are combined rhinophore and optic nerves. These nerves leave the ganglia 

laterally as single strands and pass anteriorly along the inner dorsolateral 

body wall. Each nerve bifureates, giving rami to the eyes and the rhinophores. 

On the left this bifureation is near the point of entrance of the nerve into the 

rhinophore, but on the right the bifurcation is far proximal, near the point of 

origin of the nerve from the cerebral ganglion. In this ease, however, the two 

nerves course through the same connective tissue to the base of the rhinophore. 

The larger of the two rami goes to the rhinophore where it gives rise to the 

three-lobed rhinophore ganglion (rh. g.) similar to the ganglia described for 

the tentacles. The optic ramus passes to the posterior part of the eye and ter- 

minates in a layer of cells around the eye which appear to be the same tissue 

as the sensory ganglia in the rhinophore. 

e. The paired labial nerves (C-3) arise from the lateral surfaces of the 

cerebral ganglia and extend anteriorly, lateral to the buccal mass. They bifur- 

cate at the level of the base of the rhinophores and send rami to the area be- 

tween the tentacles. 

d. The paired cerebro-lateral nerves (C-4) arise from the lateroventral 

surfaces of the cerebral gangla and pass laterally to the walls of the body at 

the vertical of the cerebral gangha. The left nerve is uniramus; the right di- 

vides and sends a small branch to the penis sheath. 

e. Minute paired static nerves run from the cerebral ganglia to the stato- 

eysts which are embedded in the anterior walls of the pedal ganglia. 

3. The Pleural Ganglia and Nerves. The pleural ganglia (pl. g.) lie dorsal 

to the pedal ganglia, connected to them by the short pleuro-pedal connectives 

and to the cerebral ganglia by the cerebro-pleural connectives. There is no 

commissure between the pleural ganglia. The left pleural ganglion is con- 

nected posteriorly to the visceral ganglion by a pleuro-visceral connective, 

and the right pleural ganglion is connected posteriorly to the parietal gan- 

elion by the pleuro-parietal connective. The pleural gangha give rise to the 

following nerves: 

a. The paired first pleuro-lateral nerves (Pl-1) arise from the lateral 

surfaces of the pleural ganglia and pass laterally to the body wall. The right 

nerve innervates the tissues anterior to the common genital aperture and the 

left terminates at a similar location on the left side of the body. 

b. The unpaired second pleuro-lateral nerve (P/-2) arises from the left 

pleural ganglion and courses with the first pleuro-lateral nerve. As far as can 

be detected, the two nerves terminate at the same point in the tissues. No 

counterpart was found on the right side. 

4. The Pedal Ganglia and Nerves. The pedal ganglia (ped. g.) are the 
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largest of the ganglia in P. zostericola and lie lateral and ventral to the cesoph- 

agus. They are connected to the cerebral and pleural ganglia by the cerebro- 

pedal and pleuro-pedal connectives respectively as noted above. Two commis- 

sures run between the pedal ganglia; the pedal commissure, which is a broad 

band that passes ventral to the esophagus, and the parapedal commissure, 

which is a small thread ventral to the aorta. The nerves arising from the pedal 

ganglia from anterior to posterior are: 

a. The paired anterior pedal nerves ( P-7) pass cephalad from the lateral 

wall of the pedal ganglia, each having four rami to the anterior portion of 

the foot. 

b. The small, paired, first, pedal-lateral nerves (P-2) originate in the 

lateral walls of the pedal ganglia and pass anterolaterally to the body wall. 

The left one is small and can be followed only a short distance, but the right 

one is larger and ean be traced to the right body wall. The right nerve gives 

off a branch to the penis retractor muscle, and continues laterally to supply 

two rami to the body wall lateral to the penis. 

e. The paired, second, pedal-lateral nerves (P-3) are quite small and 

extend from the lateral surface of the pedal ganglia to the body wall. The left 

nerve courses with the two lateral nerves from the pleural ganglion, the right 

passes ventral to the penis sheath and terminates in the body wall. 

d. The unpaired, third, pedal-lateral nerve (P-4) arises from the lateral 

surface of the right pedal ganglion, passes ventral to the penis retractor 

muscle, and divides into two rami. One innervates the body wall anterior to 

the common genital aperture, and the other passes ventral to the common 

genital duct to terminate in the body wall between the common genital aper- 

ture and the pallial cavity. 

e. The large, paired, fourth, pedal-lateral nerves (P-5) pass laterally 

from the lateral wall of the pedal ganglia, then turn sharply posterior to the 

parapodia. On the right the nerve passes ventral to the common genital duet. 

f. The large, paired, middle pedal nerves (P-6) pass caudad from the 

pedal ganglia, through the tissues of the foot about halfway between the mid- 

line and the margin, to supply the middle portion of the foot. 

2. The large, paired, posterior pedal nerves (P-7) arise from the pos- 

terior surface of the pedal ganglia, pass through the tissues of the foot on 

either side of the midline medial to the middle pedal nerves, and give off 

several small rami to the posterior portion of the foot. These nerves are the 

largest and longest in the body. 

h. The small, unpaired, parapedal nerve arises from the parapedal com- 

missure. It extends posteriorly, running beneath the anterior aorta in the 

connective tissue. It does not appear to be associated with the anterior aorta 

but with the connective tissue beneath it. This nerve arises from a point to the 

left of center of the parapedal commissure and appears to end in the connee- 

tive tissue beneath the anterior aorta. 



568 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4TH Serr. 

5. The Visceral Ganglion and Nerves. The visceral ganglion (vis. g.) lies 

ventral to the esophagus, dorsal and medial to the left pedal ganglion, and 

posterior to the ganglionic ring. It is connected to the left pleural ganglion by 

the pleuro-visceral connective, and to the parietal ganglion by the viscero- 

parietal connective. The latter is a short, wide band extending from the right 

side of the pleural ganglion to the left side of the parietal ganglion. The vis- 

ceral ganglion gives rise to the following nerves : 

a. The small abdominal nerve (V-7) arises from the posterior surface 

of the visceral ganglion, runs posteriorly to the right dorsal to the common 

genital ducts, then ventral to the kidney and pentrates the mantle to end in 

the region of the anus. A small ramus given off at the anterior border of the 

kidney courses through the connective tissue surrounding the medio-ventral 

edge of the renal organ. 

b. The genital nerve (V-2) arises from the posterior surface of the vis- 

ceral ganglion, courses with the abdominal nerve to the region of the bursa 

seminalis, and gives off a branch to the spermatheca. The main trunk of the 

nerve follows the oviduct posteriorly, gives rise to a small ramus to the sem- 

inal receptacle, then continues posteriorly along the little hermaphroditie 

duct to the ovotestis. 

e. The visceral nerve (V-3) arises from the posterior surface of the 

visceral ganglion and courses with the abdominal and genital nerves to the 

region of the large hermaphroditie duct. At the level of the common genital 

duct it diverges from the other nerves and continues into the floor of the 

pallial cavity where it ends. 

6. The Parietal Ganglion and Nerves. The parietal ganglion (par. g.) lies 

posterior and dorsal to the right pedal ganglion and to the right of the visceral 

ganglion. It is connected to the visceral and right pleural ganglia by connec- 

tives. This ganglion gives rise to the following unpaired nerves: 

a. The small vulvar nerve (Pa-1) arises from the posterior surface of 

the parietal ganglion, runs posteriorly around the base of the penis retractor 

muscle, then laterally to the right to terminate in the region of the common 

genital aperture. 

b. The osphradial nerve (Pa-2) arises from the parietal ganglion, 

extends posteriorly to the anterior margin of the mantle cavity, where it 

enlarges to form the osphradial ganglion (osph. g.). From the osphradial 

ganglion several small rami extend posteriorly. One enters the ctenidium, 

while the others ramify into the tissues surrounding the ganglion. 

ce. The pericardial nerve (Pa-3) arises from the posterior part of the 

parietal ganglion medial to the osphradial nerve. It courses to the pericar- 

dium beneath the dorsal aorta. 

The following nerves, present in related tectibranchs, were not located in 

P. zostericola: 

a. Small parapodial nerves arising from the pedal ganglia and running 
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to the parapodia of Aplysia punctata (Eales, 1921) and to the body wall and 

parapodia in A. cervina and A. dactylomela (Hoffman, 1936). Mareus and 

Marcus (1957) report this to be the second nerve from the pedal ganglia in 

Phyllaplysia engeli. 

b. A small pericardial nerve reported from the pedal ganglia to the 

aorta and dorsolateral body wall in A. dactylomela and A. cervina (Hoffman, 

1936). 

ce. Asmall head retractor nerve going from the pedal ganglia to the head 

retractor muscle of A. dactylomela and A. cervina (Hoffman, 1936). 

d. A small csophageal nerve arising from the visceral ganglion and in- 

nervating the esophageal artery in A. punctata (Eales, 1921). 

e. A small spermathecal nerve from the parietal ganglion to the sper- 

matheea in A. punctata (Hales, 1921). 

Examination of histological sections reveal that all the ganglia of P. zos- 

tericola have peripheral nuclei. In the ganglia of the central nervous system 

the nonnucleated material is granular in appearance ; in the peripheral gan- 

ola it is much more homogeneous. The one exception to this is the osphradial 

ganglion in which the nonnucleated material is granular, resembling that in 

the central nervous system. 

SENSE ORGANS. 

1. Eyes (ey.). These appear as small black spots anterior to the base of the 

rhinophore. These spots are on slight elevations, but are not stalked. The 

structure of the eye is similar to that of Helix (Cooke, Shipley, and Reed, 

1927). It is essentially a spherical vesicle whose walls are formed by a single 

layer of sensory cells. A noneellular lens completely fills the chamber of the 

vesicle. The sensitive layer is composed of cells with basal nuclei which appear 

very much like the nuclei of the ganglia of the tentacles and the rhinophores. 

The immediate apical portion of the cell is composed of clear cytoplasm that 

is Similar in appearance to the perinuclear cytopiasm, but the portion of the 

cell between the apex and the nucleus is heavily pigmented. The pigmented 

area is continuous throughout all the cells of the sensitive layer except those 

cells that are in contact with the epithelium. These latter cells are unpig- 

mented and compose the clear cornea. The pigmented layer is thickest oppo- 

site the corneal area and becomes gradually thinner nearer the cornea. The 

basal portion of the sensitive cells are in contact with a thin layer of nerve 

tissue that surrounds all the vesicle except the corneal layer. This nerve tissue 

is continuous with the threadlike optie nerve. 

2. Osphradium. The osphradial ganglion of the branchial nerve lies lateral 

to the insertion of the ctenidium. This ganglion, situated at the anterior in- 

eurrent portion of the pallial cavity, is covered with the epithelial lining of 

the pallial cavity. The osphradium is believed to be a water testing organ, and 

Eales (1921) reports that when contaminated waiter enters the pallial cavity 
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of Aplysia, the ctenidium is withdrawn and water is forcibly ejected from the 

pallial cavity. This ejection of water was not observed in P. zostericola though 

when a contaminant was added to the water the pallial cavity was closed for 

a short time. 

3. Statocysts. These are small, thin-walled saes on the anterodorsal surface 

of the pedal ganglion. These organs are connected to the cerebral ganglia by 

the microscopic static nerve. A statolith was not observed, but such a strue- 

ture could easily have been lost in preparation. 

REPRODUCTIVE SYSTEM. 

(Figure 6.) 

Phyllaplysia zostericola is a hermaphrodite. Not only are the two sexes 

represented by one individual, but the production of eges and sperm is accom- 

plished by the same organ. The reproductive system can be roughly divided 

into two parts: the male copulatory organ is located in a pocket which opens 

ventral to the right rhinophore, and the rest of the reproductive organs are 

located in the body eavity and communicate with the exterior through the 

genital aperture. The part of the reproductive system within the body cavity 

consists of the ovotestis ; the accessory genital mass which includes the mucous 

gland, the albumen gland, and the spermatocyst or seminal receptacle; the 

bursa seminalis ; and the ducts which connect these various organs. 

The ovotestis (ovot.) produces both the eges and the sperm, as the name 

implies. It is located in the posterior third of the visceral mass, is pale yellow, 

almost white in color, and looks very much like a thick cluster of very tiny 

grapes. It is included in a sheath which eneases all the visceral mass, but ean 

be easily separated from the rest of the mass when the sheath is removed. 

The ovotestis is connected anteriorly by means of the little hermaphrodttic 

duct (lit. herm. d.) to the accessory genital mass. The branches of this duet 

receive tubules from each acinus of the ovotestis. There are several coils mid- 

way in the little hermaphroditie duct. The anterior end of this duct is greatly 

reduced in diameter and runs without coiling to the fertilization chamber in 

the accessory genital mass. This chamber is located at the junction of the little 

hermaphroditie duct with the ducts from the accessory genital glands. 

The accessory genital mass lies to the right of the anterior two-thirds of 

the visceral mass and ventral to the kidney. The mass contains the mucous 

Figure 6. Diagram of the reproductive system. The abbreviations used in this fig- 

ure indicate structures as follows: alb. g., albumen gland; bur. sem., bursa seminalis; 

fert. ch., fertilization chamber; gen. ap., genital aperture; la. herm. d., large her- 

maphroditie duct; lit. herm. d., little hermaphroditic duct; muc. g., mucous gland; 

od., oviduct; ovot., ovotestis; pn., penis; pn. ap., penial aperture; pn. s., penis sheath; 

pn. ret. m., penis retractor muscle; sem. gr., seminal groove; spct., spermatocyst; 

spth., spermatheca; vag., vagina; wind. g., winding gland. 
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oland, the albumen gland, and the spermatoeyst. The glands are rather 

tightly attached to each other and separation of them can be achieved only by 

careful dissection. The spermatocyst (spct.) lies on the surface of the albumen 

gland but not connected to it. It is a pale yellow, pear-shaped organ with the 

larger end posteriorly and the anterior end drawn into a thin duct which leads 

to the fertilization chamber. This organ serves as a seminal receptacle and in 

the inseminated individual is completely filled with motile sperm. Its walls 

are lined with a thin ciliated epithelium. 

The albumen gland (alb. g.), a pale yellow gland lying in the middle of 

the visceral mass, is bounded laterally and posteriorly by the mucous gland. 

The albumen gland is a sae containing many irregularly arranged septa and 

ean be differentiated from the surrounding mucous gland only by texture. It 

opens anteriorly through a small short duet into the fertilization chamber. 

The mucous gland (muc. g.) is an irregular U-shaped organ lying around 

the lateral and posterior aspects of the albumen gland. This saclike gland con- 

tains many lamellate septa perpendicular to its walls. From its right arm, a 

highly convoluted tubule, the winding gland (wind g.), connects the mucous 

eland to the fertilization chamber. The walls of the convoluted portion of the 

mucous gland are greatly folded and lined with a thickly ciliated columnar 

epithelium. These coils lie on the anteroventral edge of the accessory genital 

mass to the right of the oviduct. The cellular lining of the entire mucous gland 

is composed of typical secretory cells with large basal nuclei. The left arm is 

attached directly to the oviduct. 

The large hermaphroditic duct (la. herm. d.) leads anteriorly from the 

accessory genital mass to the common genital aperture (gen. ap.). It arises 

from the left arm of the mucous gland and the continuation of the fertiliza- 

tion chamber which extends anteriorly. In cross section it is actually only one 

channel, but folds of the lining provide dual channels. The part of the duet 

that arises from the mucous gland serves as the oviduct, while the part of the 

duct which communicates with the fertilization chamber is the vagina. A 

groove in the vaginal wall is continuous with the little hermaphroditie duct 

and is part of the route which the sperm takes from the ovotestis to the penis. 

The large hermaphroditie duct passes anteriorly from the accessory geni- 

tal mass as a straight tube for about one millimeter and then coils slightly. The 

spermatheeal duct arises in this coiled area. Slightly anterior to the common 

eenital aperture the duct turns sharply to the right and takes an S-shaped 

route to the common genital aperture. Near the aperture the walls become 

more muscular. A bursa seminalis (bur. sem.) located in the lesser curvature 

of the bend near the aperture, is a spherical enlargement of glandular tissue. 

Near the common genital aperture two bands of muscle encircle the duct. 

The spermatheca (spth.) is a spherical sae attached to the large hermaph- 

roditic duct about halfway between the accessory genital mass and the com- 
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mon genital aperture. It is attached to the duct by a thin tube which passes 

from the lateral side of the duct and curves around it dorsally to the sper- 

matheea. The spermatheea lies attached to the pericardium anterior to the 

ventricle. The spermatheea is lined with a ciliated epithelium. It contains 

many quiescent spermatozoa and a considerable quantity of debris. As in 

Aplysia (Eales, 1921) the spermatheea probably functions as a receptacle 

for debris introduced with the sperm. 

Leading anteriorly from the common genital aperture is the seminal 

groove (sem. gr.) previously deseribed. This groove is ciliated and is contin- 

uous with the seminal groove that runs through the oviduct. At its anterior 

end the seminal groove enters the penial aperture and turns posterior to run 

along the dorsolateral side of the penis sheath. When it reaches the base of the 

penis it turns anteriorly and runs along the penis. The seminal groove is S- 

shaped when the penis is withdrawn, but straight when the penis is extended. 

The penis (pn.) is enclosed in the penis sheath (pn. s.) whose external 

opening (pn. ap.) lies ventral to the right rhinophore. This sheath is a pocket 

in the skin and is attached posteriorly to the foot by the penis retractor muscle 

(pn. ret. m.). The penis itself is a cylindrical muscular organ that spirals 

about two and one-half turns, varying both in number of turns and direction 

of coiling, from animal to animal. The unarmed penis is attached to the base 

of the eversible sheath, and during copulation the hase of the penis is actually 

a few millimeters outside of the body. 

Copulation in P. zostericola is reciprocal. Two animals come together with 

the anterior parts of their bodies in juxtaposition so that each penial aperture 

is in contact with the common genital aperture of the other. Each inserts its 

penis into the common genital aperture of the other and the pair may remain 

in copulation for several hours. 

Oviposition is accomplished by the eggs passing out of the common genital 

aperture and down the seminal groove in a mucous thread one or two eggs 

wide. The egg thread passes down to the post buccal gutter to a temporary 

notch formed in the anterior margin of the foot. By moving the anterior part 

of the body in an oscillating are across the blade of Zostera, and moving back- 

wards, the animal attaches the eggs in a flat packet. The notch in the anterior 

margin of the foot is evident only during oviposition. During the egg-laying 

process the tentacles are markedly contracted. 

NATURAL HISTORY 

Phyllaplysia zostericola is found in protected bays on the blades of the 

broad-blade eelgrass, Zostera marina. Here it spends most of its adult life 

browsing along the blades. The species moves very slowly and has not been ob- 

served to move backwards except during oviposition. When progressing along 

the blade of Zostera the entire muscular foot is in contact with the plant, and 
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the animal moves by first lengthening and narrowing the body with the pos- 

terior portion attached and then shortening and broadening the body with the 

anterior portion attached. When detached from the substratum the animal 

tends to curl so that the foot is concave. When trying to attach itself, the 

animal first makes contact with the anterior part of the foot and broadens 

that part until it becomes firmly attached. The rest of the foot is then placed 

in contact from anterior to posterior. Phyllaplysia zostericola has not been 

observed to swim as reported for Aplysia punctata and some related forms by 

Eales (1921). When moving from one blade of grass to another the animal re- 

leases its hold with the anterior part of the body but remains attached with the 

posterior tip. Thus attached, it elongates its body and explores the surround- 

ing region for some suitable object on which to attach. It is not at all uneom- 

mon to see an animal four em. in leneth attached by the posterior one-half em. 

slowly moving its anterior end to and fro in search of a suitable place for 

attachment. In the aquarium the animal has been observed on numerous ocea- 

sions to crawl inverted on the surface of the water, the foot in contact with the 

surface film, presumably a ciliary movement. This phenomenon has not been 

observed in the natural habitat. 

From the available evidence, it appears that in Mitchell Bay, on San Juan 

Island, Washington, the life eyele is repeated once a vear. In August mature 

individuals 40-50 mm. in leneth were found, but in late December only 

specimens less than 10 mm. in length could be found, and these were hidden 

between the bases of the blades of eelgrass. Although immature, these forms 

showed the shape and general appearance of the mature individuals. A trip 

to Mitchell Bay in the middle of March revealed individuals up to 20 mm. in 

length, still sexually immature. Before the last of une, sexually mature indi- 

viduals were plentiful. Mature individuals were found laying eggs until late 

in September. The tentative conclusion that the form has an annual life cycle 

seems warranted. Development in Newport Bay, in southern California, 

seemed to be somewhat later than in Puget Sound, for specimens collected in 

May were no larger than the northern form in March. 

The color of the animal is protective. The stippling blends so well with the 

venation of the Zostera that the animal is frequently overlooked in a cursory 

examination. 

Phyllaplysia zostericola has not been observed to have any natural enemies 

in Puget Sound though MacGinitie and MaeGinitie (1949) report that in 

Newport Bay it is eaten by the cone snail Conus californicus. Specimens kept 

in an aerated aquarium without filter were observed to harbor a small ciliate 

in the mucus. 

An examination of the stomach contents and of the feces did not reveal 

much of the feeding habits for the food was too finely divided. Specimens 

maintained in the aquarium were observed to remove algal and bacterial 
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erowth accumulated on the side of the tank and would leave a trail of cleaned 

lass. 
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INTRODUCTION 

A considerable number of rare spiders belonging to the little known sub- 

family Rhoicininae have been collected since 1950. Most of these were taken 

in Chile by Dr. E. S. Ross and Dr. A. E. Michelbacher (1950 to 1951), and 

in Peru by Dr. E. I. Schlinger and Dr. Ross (1954), for the California 

Academy of Sciences. Important additional material was collected by Mr. 

Felix Woytkowski for the American Museum of Natural History, and by 

Prof. Dr. W. K. Weyrauch, University of San Mareos, Lima, Peru. This 

material greatly increases our knowledge of the group. 

Three specimens of Rhoicinus rothi, new species, from central Peru, are 

the first males of Rhowcinus to be described. These, with females of several 

species, are the basis for a study of the genital structures of the genus. The 

type species of Rhoicinus, R. gaujoni Simon, is redeseribed in detail, and 

three other new species from central Peru are proposed. 

Calacadia, a new genus from central and southern Chile, contains four 

new species. A study of the genitalia of both sexes is presented. Three spe- 

cies previously included in Rubrius (Agelenidae) are here placed in Cala- 

cadia: “Clubiona”’ ambigua Nicolet, “Jlynthes” dentifer Tullgren, and Rub- 

rius radulifer Simon. Original descriptions of C. dentifera (Tullgren) and 

1. Mrs. Don L. Frizzell, Rolla, Missouri. 
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C. radulifera (Simon) and Simon’s clarification of C. ambigua (Nicolet) 

give sufficient data to place them in Calacadia, but it is impossible to identify 

recently collected material with them without recourse to type specimens. 

Specific determination depends mostly on careful study of the genitalia, 

which earlier authors did not describe adequately. 

An outline of the zoogeography of rhoicinine spiders is included, with 

a map showing the localities of genera. 
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Family PISAURIDAE 

Subfamily RHOICININAE Petrunkevitch, emend. Exline, 1950 

Rhoicineae Simon, 1898, Hist. Nat. Araign., ed. 2, tome 2, pp. 320-322, figs. 328-330. 

Rhoicinae PETRUNKEVITCH, 1928, Connecticut Acad. Arts. Sci., Trans., vol. 29, pp, 9, 

38; 1939, ibid., vol. 33, p. 166. 

Rhoicininae Exuine, 1950, Amer. Mus. Novitates, no. 1470, pp. 2-3. 

Eyes in two parallel rows, about equal in size, all dark (except Rhoi- 

cinaria); trochanters rebordered and notched; trichobothria in irregular 

double rows on tibiae, metatarsi, and tarsi; no scopulae on legs; upper claws 

of tarsi pectinate with many teeth; labium notched at base; lower margin of 

fang groove with two or three teeth; anal tubercle divided; lorum of pedicel 

divided, and anterior piece notched to receive projection from posterior 

piece; colulus present and large. Where known, female carries egg-sac 

attached to posterior spinnerets. 

Discussion. Three genera are placed in the Rhoicininae: Rhoicinus 

Simon, 1898; Rhoicinaria Exline, 1950; and Calacadia Exline, new genus. 

Most species of Rhoicinus are of moderate length, with long legs, lycosid in 



VoL. XXIX] EXLINE: RHOICININE SPIDERS 579 

general appearance, and semitropical in habitat. As reported by Simon, the 

female weaves a sae for her eges that is unseamed, and earries it by attach- 

ment to her posterior spinnerets. 

Rhoicinarva agrees with Rhoicinus in general appearance and tropical to 

semitropical habitat, but the only species known, R. rorerae Exline, is smal- 

ler, with shorter legs. Females carry the egg-sae attached to the posterior 

spinnerets. 

The inclusion of Rhoicinaria with the pisaurids has been quite reasonably 

questioned by Dr. Heinrich Homann of Gottingen, Germany (1952, pp. 356— 

308). In his exhaustive studies on the structure of spider eyes, he found that 

the color is stable in related groups. Pisaurids, including Rhoicinus, have 

eight dark eyes. In Rhoicinaria only the anterior median eyes are dark. 

Rhoicinarva also bears some plumose hairs, which Dr. Homann did not find 

on Rhoicinus gaujont. Many pisaurids have plumose hairs, and I have found 

them on Rhoicinus wallst and on R. weyrauchi, although careful examination 

of a piece of cleared skin is required to see the detailed structure. Dr. 

Homann agrees with my conclusion that Rhoicinaria cannot be placed in the 

Agelenidae, where he would put it on the basis of its eye structure, because 

of the notched trochanters, trichobothria, and divided anal tubercle; nor 

ean it be included in the Lycosidae because of the disposition of the eyes in 

two rows, the colulus, and lack of tarsal secopulae. 

Rhoicinaria is similar to Rhoicinus except for eye color. The genitalia, 

however, are very simple in comparison, and may represent a primitive con- 

dition (see “Genitalia” below). The complex female genital plaque of Rhov- 

cinus could have been derived from an ancestral form similar to Rhoicinaria, 

by a greater sclerotization and division of the pair of spermathecae in 

Rhoicinaria, and by the development of the protective flange of the fertili- 

zation duct. The external openings are on the under posterodorsal side of 

the plaque in both genera. The male palps of the two genera show much the 

same relationship. Rhoicinaria, therefore, may represent an ancestral group 

of rhoicinine spiders, bridging the Agelenidae and Pisauridae, or its ances- 

tral affinities might be quite different from Rhoicinus, with convergent evo- 

lution of characters. With no other data available, it seems best to retain 

Rhoicinarva in the Rhoicininae. 

Calacadia, new genus, includes several species living in temperate to cool 

temperate regions of central to south Chile. These are spiders of moderate 

size with shorter legs than Rhoicinus, and agelenid rather than lyecosid in 

appearance. Plumose hairs were not found on a skin preparation of C. chi- 

lensis. The third claw appears under ordinary magnification to lack teeth, 

but when enlarged 100 to 150 diameters, one to three long, very fine teeth 

are visible. The external openings for the female genitalia are on the ventral 

side of the genital plaque, and the internal structures, as well as the strue- 

tures of the male palp, are different from Rhoicinus. The habits of Calacadia 
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are unknown, but it seems doubtful that the female attaches her egg-sae to 

the posterior spinnerets, which are rather weak and bear only about a dozen 

spinning tubules at the tip of the second segment. 

The relationship of these genera is not close. Except for the difference in 

eye color, Rhowcinarva and Rhoicinus are considered primitive and highly 

specialized genera, respectively, of the same stock. Calacadia, which agrees 

with Rhoicinus in having only dark eyes, differs in several important char- 

acters, and its highly specialized genitalia have no evolutionary affinity to 

those of Rhoicinus. 

GENITALIA 

The terminology and interpretation of genital structures in general fol- 

low those of Gering (1952) for Agelenidae (wherever applicable) and Com- 

stock (1912, 1940) for Pisauridae. As some oi the structures found in the 

Pisauridae are different from agelenid genitalia and are not covered by 

Comstock, several simple and obvious terms are coined. 

Rhoicinaria. The genitalia of Rhoicinaria were described in 1950 (Ex- 

line, pp. 8, 10, figs. 9-14). The female genital plaque is not heavily sclero- 

tized, except for the undulating posterior border, and tufts of long hairs 

are lateral to it. A pair of large, almost contiguous spermathecae are visible 

through the external chitin. Openings into the internal structures, on the 

dorsal side near the posterior edge, enter simple bent connecting tubes that 

empty into the spermathecae. The fertilization duets drain the connecting 

tubes instead of the spermathecae. 

The palp of Rhoicinaria rorerae is simple, with a sheht cavity and pro- 

jection at the distal, retrolateral margin of the tibia. Near the tip of the 

bulb, the tegulum gives rise to a simple embolus and a pale, simply pro- 

jecting conductor on the ectal side; on the prolateral side is a short, hooked 

median apophysis; a heavily selerotized ridge les between the median 

apophysis and embolus. 

Rhoicinus. The genital plaques of Rhoicinus are similar in structure, 

although the shape and details of the internal structures vary with the spe- 

cies. They are usually heavily sclerotized, protruding posteriorly beyond the 

genital groove. Long hairs on each side usually obscure the posterior part of 

the plaque. Short hairs of equal length cover the central portion, which in 

most species is depressed. The external openings are on the posterodorsal 

surface. A pair of well separated, darkened areas marks the position of the 

ventral spermathecae. Dark chitinous bands and pale areas near the posterior 

border give the impression of internal connecting tubes; this is misleading. 

The bands and pale areas are reflected on the posterodorsal side, and may 

form a groove with lateral ridges, to guide the male embolus to the external 



VoL. XXIX] EXLINE: RHOICININE SPIDERS 581 

opening during mating. The openings are a considerable distance from the 

posterior margin and appear as deep pits in the very heavily sclerotized 

chitin surrounding them. They are widely separated. 

Internally, each opening leads into a heavily sclerotized mass, the struc- 

ture of which has been determined only for R. weyraucht. Two chambers 

® Calacadia 

© Rhoicinaria 

@ Rhoicinus 

Map 1. Outline map of South America, showing distribution of genera of the sub- 

family Rhoicininae. 

connect with this mass, an anterior and a ventral spermatheca, in all species 

studied. Both spermathecae are small compared to the size of the plaque, 

and differ somewhat in size and position in the various species. On the dorsal 

side of the plaque, a wide, sickle-shaped, almost membranous flange arises 

medially, just posterior to the central mass, and extends anteriorly for some 

distance. Its size, width, and leneth vary with the species. Along its lateral 

border, it supports the fertilization duet, which empties into the vagina a 

considerable distance anterior to the genital groove. The duct is membranous 

and difficult to seein R. weyrauchi and R. andinus, but has a heavy chitinous 

wall in R. schlingert. 
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The genital plaque of the holotype of R. weyrauchi (figs. 11, 13) has 

been cleared and mounted for examination with a compound microscope. 

The ventral and anterior spermathecae and central mass are partly visible 

through the external chitin without removal of the plaque. When cleared, 

the central mass is seen to contain two separate chambers, a central and a 

dorsal spermatheca, and passages between the four spermathecae become 

visible. Each external opening leads into the central spermatheea, and this 

opens either directly or by connecting ducts to the other three chambers, 

each at a different level. The anterior spermatheca is at the same level as 

the central, connected to it by a short, wide duct. Probably the male embolus 

passes through the central spermatheeca into the anterior chamber during 

mating. Near its ventral posterior margin, the central spermatheca opens 

into the ventral chamber; on its dorsal side, it leads directly into the dorsal 

chamber. The fertilization duct drains the dorsal spermatheca. The sper- 

mathecae are all small with heavy walls, which in the central and dorsal 

coalesce into the single mass. 

The male is known only for R. rothi. The palp (figs. 2, 2a, 5, 14) has an 

undifferentiated patella. The tibia is peculiarly modified at its distal, retro- 

lateral side by a large, sunken, unsclerotized pit, surrounded by a fairly 

high, rebordered, chitinous ring. On the prolateral side, the tibia bears two 

very long, heavy spines. The eymbium of the tarsus is elongate and greatly 

attenuated distally; it is thickly covered with hairs, which on the ventral side 

of the base are long and almost cover the bulb. Dorsally near the base, the 

eymbium bears a very long, heavy spine. The bulb is attached by a voluminous 

basal haematodocha, provided with a petiole and attached to a large cireular 

area in the middle of the alveolus. It is broadly attached at its distal end to 

the subiegulum, which is poorly sclerotized except for a distal ring. There 

appear to be four wide annuli on the wider side of the subtegulum, but these 

are unpigmented. A small haematodocha may lie between the subtegulum and 

the tegulum. The tegulum is large, almost flat on its anteroventral face, bear- 

ing three processes distally. The most ventral is the narrow, membranous, 

elbowed conductor, which appears to support the basal part of the embolus. 

On the distal median surface of the tegulum, a huge process arises, presum- 

ably the median apophysis; it is heavily sclerotized, with a broad irregular 

base from which a long, heavy ectal arm extends anteriorly. This arm is 

wrench-shaped with a distal hook, and is the most conspicuous part of the 

bulb. The terminal division (see fig. 2a) is divided into several sclerites: a 

radix, the exposed side of which is heavily sclerotized and raised into a blunt 

point; a stipes, attached distally to the radix; the embolus, a distal projec- 

tion of the stipes; and a large flange arising laterally from the stipes without 

articulation, presumably a terminal apophysis or homologous to one. The 

embolus is long, irregularly and partially coiled, stiff, fairly robust, and 

heavily pigmented. The terminal apophysis, perhaps homologous to the 



VoL. XXIX] EXLINE: RHOICININE SPIDERS 583 

“fulerum” of Comstock (1912, pp. 118, 119; figs. 114, 115) is almost flat 

and bears a tiny hook at its tip. The seminal duet can be traced from the 

embolus through the stipes, radix, and in part through the tegulum. The 

embolus seems to le, in the basal part of its length, in the curve of the con- 

ductor; its tip hes in the hook of the terminal apophysis, and its entire 

length is protected by the arm of the median apophysis. 

Calacadia. The genitalia of Calacadia are as complex as those of Rhoi- 

cinus, but are entirely different in structure. In the female, the openings to 

the internal structures are on the ventral side of the plaque; in the male 

palp, the terminal apophysis and embolus arise from the tegulum at its 

posterior retrolateral margin, and the patella of the palp is modified. 

The female genital plaque (figs. 28, 31, 34, 35) is large, with only 

moderate sclerotization of the external chitin; the suface is considerably 

rounded in C. chilensis, flat in C. rossi. Externally, two longitudinal copu- 

latory ridges are widely separated and arched toward one another. Differing 

with the species, they vary in leneth, degree of arching, and height raised. 

They are inconspicuous, long, and low in C. rossi and C. chilensis, short but 

conspicuous in C. coquimbensis, and raised well above the surface in C. 

osorno. Medial to, or under the ridges, copulatory grooves lead to the exter- 

nal openings at their posterior extremity. The ridge and groove of each side 

probably guide the male embolus to the opening during mating. The open- 

ings are hidden below the posterior extremity of the ridge. The ridges some- 

times end in a sharp point, or a chitinous point may be present posterior to 

the ridge. 

Through the external chitin, part of the internal structures can be dis- 

cerned: a pair of large medial chambers, the spermathecae; parts of the 

connecting canals and copulatory tubes anterior to the spermathecae; and 

posterior to them the fertilization canal or chamber. 

The internal structures are complex but similar in the species studied 

(figs. 30, 32, 33, 36). From each external opening a wide, sclerotized copu- 

latory tube extends posteriorly, makes a wide loop medially, anteriorly, and 

then laterally on the dorsal side of the plaque, half of which it almost com- 

pletely outlines. The copulatory tube is analogous and perhaps homologous 

to the bursa of Agelenopsis (Gering, 1952); it terminates in a large diver- 

ticulum on the lateral side of the plaque, into which the male embolus may 

penetrate during mating. Near the union of the copulatory tube and the 

diverticulum, a connecting canal, usually narrower than the copulatory 

canal, loops medially and posteriorly, dorsal to the spermatheca, emptying 

into the latter on its posterolateral side. The shape, position, and size of the 

spermathecae differ somewhat in the various species, but are usually large, 

medial, ventral chambers, and except in C. coquimbensis are contiguous. 

They empty posteriorly in most species, almost medially in C. chilensis, into 
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a large, heavily sclerotized chamber (in C. chilensis) or tube (C. rossi, 

C. osorno, and C. coquimbensis); when this is tubular, it is often much 

twisted and coiled. The fertilization canal or chamber is drained by a nor- 

mally narrow, short fertilization duct. 

The male palp is as uniform in structural outline in the two species 

studied, C. chilensis and C. coquimbensis, and in those previously deseribed, 

C. dentifera, C. ambigua, and C. radulifera, as are the genitalia of the 

female. The patella has a large radula of fine, regular, sharp teeth on its 

outer side, sometimes on a short apophysis. The lateral side of the tibia bears 

a distal apophysis with a lone ventral fold or carina, and in some species 

a short, basal, thumb-like, but unselerotized apophysis. The apophyses of the 

patella and tibia somewhat resemble those of Cybaeus. The bulb of the tar- 

sus, however, is very different, and shows the affinity of the genus to the 

Pisauridae. The embolus is long and whip-like, emerging from the tegulum 

at the lateral posterior margin of the unexpanded bulb. In its entire length 

(C. coquimbensis), or nearly so (C. chilensis), the embolus is enclosed by a 

long, stiff terminal apophysis, arising from the tegulum at the outer side at 

the base near the embolus, and extending along the entire side of the bulb. 

The terminal apophysis is a thin, heavily sclerotized sheet, rolled ventrally 

until almost closed, forming a large, deep groove, almost a tube, for the 

embolus. It appears to be homologous to the “fulerum” of Comstock (1912, 

1940, pp. 118, 119), described for more typical pisaurids. The conductor 

arises from the tegulum about midway of the leneth of the bulb, dorsal to 

the embolus and terminal apophysis. It is almost transparent and very thin. 

A heavy, more or less pointed or hooked median apophysis arises from the 

tegulum in the center of the bulb. 

ZOOGEOGRAPHY 

Rhoicinine spiders are exclusively west South American (see map). 

Species of Rhoicinus, although little known and poorly represented in collec- 

tions, occur in all the northwestern tropical and subtropical countries of 

South America: R. wapleri Simon was deseribed from Venezuela, and an 

immature female of Rhoicinus from Colombia, Provinee of Narino, is in the 

collection of the California Academy of Sciences. Western Ecuador is rep- 

resented by R. wallst Exline, from the southern coastal region, and eastern 

Ecuador on the Ecuador-Peruvian border, eastern slope of the Andes, by 

R. gaujoni Simon. Rhoicinus rothi Exline, R. schlingeri Exline, R. andinus 

Exline, and R. weyrauchi Exline, are all inhabitants of Andean river valleys 

of central Peru. Spiders belonging to species of Rhoicinus are probably far 

more common in these countries than their representation in collections 

would indicate. 

Rhoicinaria rorerae Exline lives in coastal river valleys of northern Peru 



VoL. XXIX] EXLINE: RHOICININE SPIDERS 585 

and southern Ecuador, along the Chira River (Peru: Department of Piura), 

and in the Guayas River Valley (Ecuador: Province of Guayas). These 

little spiders inhabit damp or swampy areas in tropical or semitropical 

climates, often living in banana groves. Their occurrence in all the perma- 

nent coastal river valleys from Panama to Trujillo, Peru, may be postulated. 

Species of Calacadia extend from central to southern Chile in temperate 

to cooler climates, and from coastal to mountainous terrain. Calacadia 

coquimbensis Exline is the most northern representative, the female having 

been collected in the Province of Coquimbo, central Chile. Calacadia rossi 

Exline lives in the Province of Nuble, central Chile. Calacadia chilensis 

Exline, C. osorno Exline, C. radulifera (Simon), C. ambigua (Nicolet), and 

C. dentifera (Tullgren) are all in southern Chile. Calacadia chilensis has a 

fairly wide range, from the Province of Cautin to the Province of Osorno. 

Rhoicinus and Rhoicinaria overlap geographically, Rhoicinus living in 

the north Andean semitropical river valleys and Rhoicinaria in tropical or 

semitropical coastal valleys. As reflected in geographical relationship, these 

two genera are in most respects closely related, with Rhoicinaria being more 

primitive and nearer the ancestral stock. Calacadia, living in the cool tem- 

perate coastal to mountainous terrain of southern Chile, is geographically 

distant from Rhoicinus and Rhoicinaria, and is also far removed from that 

stock morphologically. 

TAXONOMY 

KrEyY TO GENERA 

TL. ANIL GaSe CLEA el Ke Sa ae ae rene a 0 een ee ne Sd Oe AE RE ee eae eee eee Een es 2 

Eyes light except for anterior median eyes, which are smaller than others; 

clypeus low; three pairs of spines under anterior tibia (none distal); geni- 

talia simple: female with one pair of large spermathecae, openings on Dostero- 

dorsal side of genital plaque; male palp with small process and excavation on 

distal ectal side of tibia, bulb very simple....Rhoicinaria Exline; Peru, Ecuador 

2. Posterior eye row recurved, eyes about equal in size; lower margin of cheliceral 

fang groove with three teeth; posterior spinnerets longer than anteriors and 

robust; clypeus higher than diameter of anterior median eyes; usually three 

pairs of spines or spinelike bristles under anterior tibia; genital plaque of 

female with exterior openings on posterodorsal surface....................--2222-2222--eeeee-e-e 

Le Ut ae eee eee Rhoicinus Simon; Venezuela, Colombia, Ecuador, Peru 

Posterior eye row nearly straight, anterior median eyes smaller than others; 

lower margin of fang groove with two teeth; posterior spinnerets much less 

robust than anterior pair, and not much if any longer; clypeus low, no wider 

than diameter of anterior median eyes; four or five pairs of ventral spines 

on anterior tibia (three in C. osorno); genital plaque of female with external 

openings on ventral surface 

PateteeE fy a 9S 1 _...........Calacadia Exline, new genus; central to southern Chile 
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Genus Rhoicinus Simon, 1898. 

Rhoicinus Simon, 1898, Histoire Nat. Araign., ed. 2, vol. 2. pp. 320-322, figs. 328-330. 

—Exline, 1950, Amer. Mus. Novitates, no. 1470, pp. 3-6, figs 6-8. 

Type species. Rhoicinus gaujoni Simon. 

Carapace with cephalic region blunt in front, sides parallel, narrower 

than thoracic; thoracic part rounded on sides with longitudinal thoracic 

groove; chelicerae slightly geniculate with prominent boss and short, heavy 

fang, margins of fang groove each with three teeth. Maxillae parallel, usu- 

ally converging slightly over lip; lip almost as broad as long, notched in 

basal portion. Sternum broad, undulating on sides, concave in front, pro- 

duced posteriorly between hind coxae. Eyes all dark, in two somewhat 

recurved rows, anterior row much shorter than posterior; eyes about equal 

in size or anterior medians a little smaller. 

Legs 4123 or 4213, with trochanters conspicuously notched, trichobothria 

in two rows on tibiae, metatarsi, and tarsi; legs usually clothed with long, 

fine hairs that are curved at tips; no scopulae but with tarsi densely clothed 

with short hairs; spiny, usually three pairs under tibiae, and third and 

fourth tibiae with a dorsal spine, besides two to three lateral spines on each 

side; tarsi with upper claws having many (7-14) teeth, and lower claw 

usually with one tooth, and a pair of false accessory claws present. 

Abdomen ovate, usually with very inconspicuous plumose hair; spirac- 

ular groove usually a little in front of spinnerets. Lorum of pedicel with 

two parts, anterior notched and posterior projecting as in Dolomedes. 

Colulus large; spinnerets robust, anterior pair short, almost contiguous, 

median pair very slender and fairly long, posterior pair separated, with a 

short but well developed second segment, longer than anterior pair; anal 

tubercle divided. Genitalia as deseribed above. 

Kry TO FEMALES OF RHOICINUS 

(Note: Insufficient data were included in the description of R. wapleri Simon, from 

Venezuela, to place it in the key; it is only 6 mm. long, with poorly sclerotized geni- 

tal plaque. See “R. wapieri” Exline, 1950, pp. 3-6; error for R. wapleri.) 

i. hee DT longer thanslee 22-2 cec cco ocsecccc co sec cccts Seget ons esdeceeentceseecee nes 2 

Ines 2 longer tham leg. ancien cee soca eccec ceca tgan cee ceaveedeceteteccscs eee 4 

2. Clypeus only half as high as area of anterior median eyes; sternum almost as 

wide as long; posterior spinnerets about a half longer than anterior pair; 

about 9 mm. long; genital plaque with central part projecting well behind 

genital groove................ ee ey ee eee R. schlingeri Exline, new species 

Clypeus about two-thirds as high as median ocular area, or more................--.....- 3 

3. Tibia 1 with two dorsal spines; cephalic region wide, not much narrower than 

thoracic; median ocular area narrowed anteriorly; about 8 mm. long; genital 

plaque projecting far behind genital groove, evenly narrowed to blunt poste- 

rior edge; ventral spermathecae as seen through external chitin separated 

bynonly tw ordiamet erste eee ee bee eae eee es R. wallsi Exline, 1950 
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Tibia 1 without dorsal spines; median ocular area square; about 10 mm. long; 

genital plaque projecting behind genital furrow with posterior edge uneven 

but blunt; ventral spermathecae as seen through external chitin widely sepa- 

rated, by more than three times diameter... R. gaujoni Simon, 1898 

4. Clypeus about two-thirds as high as median ocular area; median ocular area 

rectangular, longer than wide; anterior median eyes a little smaller than 

others; about 10 mm. long; genital plaque rounded behind with wide median 

and a pair of lateral scallops, and posterior pair of large triangular pale 

SUI Caer Rie Sena ober eae ee ale eS ae nes Re te R. rothi Exline, new species 

Clypeus only half as high as median ocular area: Or le6SSh. tee eee 5 

5. Clypeus less than half height of median ocular area, which is longer than wide, 

a little narrowed in front; anterior median eyes a little smaller than others; 

about 11 mm. long; genital plaque with posterior margin evenly curved, 

DLOkensbysaDalr Of LOMSIS i tSee ee ee R. andinus Exline, new species 

Clypeus about half height of median ocular area; median ocular area rectangular 

with eyes equal in size; small species, about 5 mm. long; genital plaque not 

projecting behind furrow, wide and blunt behind; internal structures widely 

separated as seen through external chitin, which is not heavily sclerotized 

oe tee ee ee UCU ROLGH Exile mewaspeGles 

Rhoicinus gaujoni Simon. 

(Figures 4, 6.) 

Rhoicinus gaujoni Simon, 1898, Ent. Soc. France, Bull., 1898, no. 5, p. 129; 1898, Hist. 

Nat. Araign., ed. 2, tome 2, p. 322, figs. 328-330. 

FEMALE. Total length, 9.86 mm.; carapace 4.93 mm. long, 3.91 mm. wide, 

1.67 mm. high. Carapace brown, darkest on sides of cephalic region; cheli- 

cerae very dark brown; maxillae, lip, and sternum light reddish-brown; legs 

pale, almost orange, with pale gray annulations under femora (in the holo- 

type female, the anterior tibiae are also annulate, according to Simon). 

Abdomen dark gray, lacking pattern except for large pale basal marking 

over heart area; venter pale yellow with genital p’aque and spinnerets 

reddish. 

Carapace broad, rounded on sides, quite flat; cephalic region wide but 

considerably narrower than thoracic, sides parallel, blunt in front; longi- 

tudinal thoracic groove conspicuous, cephalic grooves shallow. Chelicerae 

moderate in size with well developed boss, slightly geniculate, fang short 

and heavy, fang groove well developed with 3 stout teeth bordering each 

margin and lightly scopulate on anterior margin. Maxillae parallel, some- 

what converging over lip, blunt in front, secopulate on inner anterior border. 

Lip almost as broad as long (Simon deseribed lip much longer than wide), 

notched in basal third or fourth, tapering on sides and blunt in front. 

Sternum (fig. 4) broad, little longer than wide, rounded and undulating 

on sides, concave in front, abruptly produced behind between posterior 

coxae; coxae cylindrical, trochanters rebordered and conspicuously notehed. 

Eyes all dark, about equal in size, in two somewhat recurved rows, pos- 
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terior row considerably longer than anterior. Eyes of anterior row almost 

equally spaced; posterior row with median eyes less than a diameter apart 

and farther from laterals. Median ocular area square; clypeus high and per- 

pendicular, two-thirds as high as ocular area. 

Legs long, rather slender, covered with long fine hairs most of which are 

recurved at tips; spines slender and only moderately long; trichobothria in 

two rows on tarsi, metatarsi, and tibiae; tarsi thickly covered with hair espe- 

cially underneath, but without scopulae; tarsi with onchyium; lee 3, upper 

claws with 12 teeth, lower claw one, and a pair of false accessory claws 

present. Length of legs: 

Femur Pat.-tibia Metatarsus Tarsus Total 

LS Ja bteecs Sree 4.65 Dt 4.00 2.14 16.56 

Dia, ARR ee 4.65 5.49 4.00 2.05 16.19 

Sin aN errs 4.19 9.02 .00 1.51 14.06 

Bae SOS arora 0.12 6.14 5.12 2.05 18.43 

Spines of legs: Leg 1. Femur, 8 dorsal (3 in midline, 2 pro- and 3 retro- 

lateral); patella, 1 pro- and 1 retrolateral; tibia, 3 pairs ventral (slender, 1 

pair distal), 2 pro- and 2 retrolateral; metatarsus, 3 pairs ventral, 3 pro- 

and 2 retrolateral. Leg. 2. Femur, 7 dorsal in two rows, 4 small retrolateral; 

patella, 1 pro- and 1 retrolateral; tibia, 3 pairs ventral, 2 pro- and 2 retro- 

lateral; metatarsus, 3 pairs ventral, 2 pro- and 2 retrolateral. Leg. 3. Femur, 

1 small prolateral, 3 rows of 3 each, dorsal; patella, 1 pro- and 1 retrolateral, 

1 distal bristle; tibia, 1-2-2 ventral, 1 pro- and 1 retrolateral, and 1 dorsal; 

metatarsus, 2-2-3 ventral, 3 pro- and 3 retrolateral. Leg. 4. Femur, 6 seat- 

tered dorsal; patella, 1 pro- and 1 retrolateral; tibia, 1 dorsal, 2 pro- and 1 

retrolateral, 3 pairs ventral (1 basal vestigial) ; metatarsus, 1-2-3 ventral, 

3 pro- and 3 retrolateral. 

Genital plaque broadly tongue-shaped, blunt but unevenly terminated 

posteriorly, considerably produced beyond genital groove. Median area 

PLATE I (Enlargements approximate) 

Figure 1. Rhoicinus rothi Exline, new species, allotype male (x 4). 

Figure 2. R. rothi Exline, new species, palp of allotype male (x 19). 

Figure 2a. R. rothi Exline, new species, dorsal view of terminal division of ex- 

panded bulb; radix is horizontal, stipes divided distally into the embolus and termi- 

nal apophysis. 

9 Figure 3. R. andinus Exline, new species, spinnerets and colulus of female holo- 

type, ventral view (x 19). 

Figure 4. R. gaujoni Simon, sternum and lip ( 8). 

Figure 5. R. rothi Exline, new species, dorsal view of palp of male paratype 

Cx 9) 
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nearly round and flat, covered with long, white hairs. Laterally, plaque is 

raised with a small darkened area on each side, probably marking ventral 

pair of spermathecae. Darkened areas near posterior edge are probably 

heavily selerotized bands of chitin. Openings on posterodorsal surface, well 

separated. 

Spinnerets heavy, anterior pair short, a little separated, preceded by a 

short, wide colulus; median pair almost as long as anterior pair, but much 

more slender; posterior pair as heavy as anterior and considerably longer, 

with a short conical second segment, well provided with spinning tubules. 

Anal tubercle conspicuously two-segmented. 

Remarks. The description is based on a female (Tube 10382, Simon Col- 

lection, Muséum National d’Histoire Naturelle, Paris). This is probably one 

of a suite collected by Gaujon at or near Zamora (Province of Santiago 

Zamora), Eeuador (or Department of Amazonas, Peru?), on the eastern 

Andean slope. 

PLATE II (Enlargements approximate) 

Figure 6. Rhoicinus gaujoni Simon, genital plaque of female (x 38). 

Figure 7. Rhoicinus andius Exline, new species, genital plaque of female holo- 

type (xX 38). 

Figure 8. Rhoicinus schlingeri Exline, new species, genital plaque of female 

holotype (x 38). 

Figure 9. Rhoicinus andinus Exline, new species, posterodorsal view of genital 

plaque of female holotype (x 38). 

Figure 10. Rhoicinus rothi Exline, new species, genital plaque of female holo- 

type (xX 38). 

Figure 11. Rhoicinus weyrauchi Exline, new species, genital plaque of female 

holotype (x 38). 

Figure 12. Rhoicinus rothi Exline, new species, genital plaque of female holo- 

type, dorsal view (x 38). 

Figure 13. Rhoicinus weyrauchi Exline, new species, left half of genital plaque 

of female, cleared (> 190), viewed from dorsal side: 1) central spermatheca, 2) ven- 

tral spermatheca, 3) anterior spermatheca, on same level as “central,’’ 4) dorsal 

spermatheca, drained by fertilization duct, 5) external opening into central sperma- 

theca, 6) fertilization duct, 7) slightly sclerotized flange of fertilization duct. (This 

drawing should have been oriented about 25 degrees in a clockwise direction. ) 

Figure 14. Rhoicinus rothi Exline, new species, palp of male paratype, expanded 

(x 19): 1) median apophysis, 2) embolus, 3) conductor, 4) terminal apophysis. 

Figure 15. Rhoicinus rothi Exline, new species, lateral view of left side of geni- 

tal plaque of female holotype, dissected: 1) lateral view of fertilization duct, 2) ven- 

tral wall of vagina, 3) anterior spermatheca, 4) ventral spermatheca, 5) median 

sclerotized mass, containing one or more chambers or ducts, 6) position of external 
“cc 9” 7 

opening into “5,” 7) chitinous band or groove. 
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Rhoicinus rothi Exline, new species. 

(Figures 1, 2, 2a, 5, 10, 12, 14, 15.) 

FEMALE. Total length, 10.25 mm.; carapace, 5.08 mm. long, 3.56 mm. 

wide, 1.60 mm. high. Specimen somewhat broken and with much of the hair 

covering gone; abdomen a little shrunken and spinnerets receded, probably 

because the spider had laid eges. 

Carapace light red-brown, pale dorsally, a darker longitudinal band with 

eray infusions on each side, darkly outlined on margins, and dark brown on 

sides and front of cephalie region; radiating markings present but not con- 

spicuous. Chelicerae dark reddish-brown, maxillae and lip a little lighter. 

Legs yellow with only traces of annuli under femora, but probably appear- 

ing darker when hair covering all present. Sternum light orange, darker on 

sides. Abdomen mostly dark gray with many pale dots, with a well marked 

orange median, longitudinal, dorsal marking, irregular and broken posterior 

to heart region and not extending onto posterior quarter of abdomen; four 

pairs of punctae or muscle sears, more or less outlining median stripe, are 

conspicuous; venter dull gray, genital region reddish, and spinnerets pale 

orange. 

Carapace low, thoracic part wide with rounded sides; head region with 

parallel sides, very blunt in front, with vertical clypeus, two-thirds as high 

as area of median eyes. Eves rather small, all dark, in two somewhat re- 

curved rows, posterior row much wider than anterior; area of median eves 

almost rectangular, a little longer than wide. Measurements of eves: A.M.E., 

0.20 mm.; A.L.E., 0.22 mm.; P.M.E., 0.20 mm.; P.L.E., 0.22 mm. Distance 

between A.M.E., 0.10 mm.; A.M.E. to A.L.E., 0.06 mm.; P.M.E., 0.14 mm.; 

P.M.E. to P.L.E., 0.30 mm.; A.L.E. to P.L.E., 0.22 mm. Chelicerae only a 

little genticulate, quite long and slender, with conspicuous boss; fang short 

and heavy; fang groove with three teeth on each margin, and a heavy fringe 

of hair bordering anterior margin. Maxillae parallel and only slightly con- 

verging over lip; lip large, about equally lone and broad, with basal third 

to fourth of length shallowly notehed. Sternum 2.54 mm. long, 1.98 mm. 

wide, excavated in front for lip, strongly scalloped on sides, and posterior 

tip narrowing abruptly to extend between fourth coxae. 

Legs long and slender, with a covering of fine short hair and very long 

soft hair that curves toward the tip, and provided with weak pointed spines; 

trichobothria seemingly normal for group, mostly lost. Second lee longer 

than first, fourth probably longest. Palp normal, tipped with a toothed claw. 

Tarsi with upper claws with approximately 10 graduating teeth, distal five 

fairly stout and conspicuous, basal five small and difficult to see. Lower claw 

stout, with a long, curved, very fine tooth. A pair of false accessory claws 

is present. Coxae eylindrieal; trochanters rebordered and very strongly 

notched. Length of legs: 
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Femur Pat.-tibia Metatarsus Tarsus Total 

lb, Sea ea 4.70 D.92 4.23 2.16 17.01 

Oho oe a 4.98 5.85 4.23 2.16 17-20 

2 oe a are 4.70 5.26 3.89 1.60 15.41 

EE RR TRIES SAS Zhai Day) — — — — 

Spination of legs: Leg 1. Femur, 9 small, fine spines in approximately 

three rows dorsally; patella, 3 dorsal (1 midway on each side, and 1 very 

small distal) ; tibia, 2 pro- and 2 retrolateral, 4 irregular pairs ventral (all 

delicate and some almost bristle-like) ; metatarsus, 2 pro- and 2 retrolateral, 

2-2-3 ventral, all stouter than those of tibia. Leg 2, as lee 1. Leg 3. Femur, 

10 dorsal; patella, as leg 1; tibia, 2 pro- and 2 retrolaterals, 3 pairs ventral, 

1 dorsal about a third length from end of segment. Leg 4. Femur, 8 weak 

dorsal spines; other segments missing. 

Abdomen normal for genus, genital plaque wider than long, conspicuous, 

probably obscured in living or freshly killed specimens by long converging 

hairs. Spinnerets and colulus normal; anterior spinnerets stout, no longer 

than basal segment of posteriors, medians nearly as long; posterior spin- 

nerets with large second segment, laterally compressed, somewhat converg- 

ing, spinning tubes borne only on inner face. 

Genital plaque typical of genus, highly selerotized, wide, central part 

with short hairs which cover a wider area, but do not extend as far pos- 

teriorly as in other species studied. Posterior edge with a broad median and 

a pair of lateral scallops, not extending as far behind genital furrow as in 

R. gaujon. A pair of widely spaced darkened areas about midway marks 

the position of ventral spermathecae. Posteriorly, two triangular pale 

areas are outlined by bands of sclerotized chitin, that suggest connecting 

canals but are not; the bands are connected to the heavily sclerotized mass 

of inner structures but have no lumen; they continue onto the posterior 

surface where they may be slightly grooved. Openings are obscurely placed 

in a deep groove on each side of the posterior surface. If the plaque is 

removed and turned onto its ventral surface, the inner structures and most 

of the posterior wall are exposed (see fig. 12). The opening of each side 

leads into the highly sclerotized mass, which surrounds a complexity of con- 

necting tubes or chambers. There are an anterior and a ventral sperma- 

theea (see fig. 15). The fertilization duct is typical of Rhoicinus: a lone, 

narrow tubule, supported by a sickle-shaped flange of thin chitin; the duct 

empties into the ventral wall of the vagina some distance from the genital 

eroove; the flange with its duct lies just under the ventral vaginal wall 

(see fig. 12). 

Mate. Total length, 11.63 mm. Carapace 4.65 mm. long, 3.44 mm. wide, 

and 1.95 mm. high. Allotype (fig. 1) in excellent condition except that fourth 

tarsi are missing. Two paratype males are quite broken. 
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Carapace light orange-brown, darker on sides and front of head; faint, 

broad, grayish, lateral stripe on each side of thorax due to covering of short, 

black hairs; conspicuous brown radiating lines present; area behind eyes 

eovered with short, fine, white hairs and sparsely with long, stiff, black 

hairs. Chelicerae dark red-brown; legs light orange, with only a trace of 

eray annulations under femora; palps darker; maxillae, lip, and sternum 

bright yellowish-brown, sternum paler centrally; abdomen gray with an 

irregular median yellow stripe with tinges of red; venter almost uniform 

beige, spinnerets yellow. 

Cephahe region blunt in front, with parallel sides, considerably nar- 

rower than thoracic region; elypeus vertical, with anterior eyes shghtly pro- 

truding, slightly more than two-thirds as high as area of median eyes. 

Chelicerae long, rather slender, and of equal width throughout length, 

slightly protruding but hardly geniculate, with conspicuous boss; three teeth 

bordering each margin of fang groove, anterior margin with a thick fringe 

of long hairs. Thoracic region rounded on sides, moderately arched, highest 

at anterior end of thoracic groove which is long; cephalic grooves indistinct. 

Eyes all dark, small; both rows somewhat recurved as in female. Anterior 

median eves appear smaller than others, but measure almost as large as 

posterior medians. Area of median eyes nearly rectangular, a little longer 

than wide. Diameters: A.M.E., 0.18 mm.; A.L.E., 0.21 mm.; P.M.E., 0.20 

mm.; P.L.E., 0.22 mm. Distance between A.M.E., 0.10 mm.; A.M.E. to 

A.U.K., 0.08 mm.; P.M.E., 0.14 mm.; P.M.E. to P.L.E., 0.28, 1mm: Asie Rene 

P.L.E., 0.22 mm. Height of elypeus about 0.50 mm. 

Maxillae and lip as in female. Sternum as in female, nine-tenths as wide 

as lone, slightly arched, scalloped on sides, narrowed abruptly behind, 

separating hind coxae. Coxae long, eylindrical, trochanters widely rebor- 

dered and deeply notched. 

Legs a little longer than in female, 4123 or 1248, first and second nearly 

equal in leneth; heavily clothed with long, soft hairs and armed with rather 

weak bristle-like spines except for metatarsi. Claws similar to those of female. 

Length of legs: 

Femur Pat.-tibia Metatarsts Tarsus Total 

| Ree are te 5.49 7.81 6.23 2.88 22.41 

Dignan & 5.08 7.63 6.32 249 22.32 

2 a a ee te Tree Dizi o.10 4.84 2.14 17.96 

2 ARE eo oer 5.0 7.44 5.95 — — 

Spination: Leg 1. Femur, 9-10 weak in three rows dorsally; patella, 1 

distal and 1 on each side midway, very weak; tibia, 4 pairs ventral (1 pair 

basal), 2 pro- and 2 retrolateral; metatarsus, 2-2-3 ventral, 2 pro- and 2 

retrolateral. Leg 2. As leg 1. Leg 3. As leg 1 except tibia, 3 pairs ventral, 2 
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pro- and 2 retrolateral, 1 midway dorsal; metatarsus, 2-2-3 ventral, 3 pro- 

and 3 retrolateral. Lee 4. Same as lege 3. 

Palp described under “(Cenitalia” above (see figs. 2, 2a, 5, 14). 

Abdomen rather slender, spinnerets and anal tubercle as in female. 

Locauity DATA. Holotype female, allotype male, and 2 male paratypes— 

Peru (San Martin) : Hara, 20 miles S.E. of Moyobamba, collected June 1—30, 

1947, by Felix Woytkowski. 

DISPOSITION OF TYPES. The holotype female and the allotype male are the 

property of the American Museum of Natural History. One paratype male 

is deposited with the California Academy of Sciences, and another in my 

collection. 

Remarks. The species is separated from other Rhoicinus on characters 

of the female, as males are unknown for the other species. Definitive char- 

acters are shown in the key to species. 

The species is named for Vincent D. Roth, Yuma, Arizona. 

Rhoicinus schlingeri Exline, new species. 

(Figure 8.) 

FEMALE. Total length, 9.11 mm.; carapace 3.72 mm. long, 2.79 mm. wide, 

1.12 mm. high. Carapace reddish brown, a little paler in midline and on sides, 

radiating markings present but inconspicuous; chelicerae dark reddish- 

brown; lees yellowish infused with gray, definite and regular gray annuli 

on femora and very faint ones on patellae and tibiae; abdomen gray with 

yellowish punctae, a broad yellow marking over heart region followed by a 

median, yellowish longitudinal band broken by gray. Maxillae and lip red- 

dish brown; sternum yellow brown, darker toward edges; venter of abdomen 

and spinnerets yellow. 

Head region broad, blunt in front, sides parallel; cephalic grooves shal- 

low, thoracic groove long and deep; thoracic region gently rounded on sides. 

Chelicerae normal, shghtly geniculate near base, somewhat depressed under 

base, with corrugated exoskeleton, boss large; fang heavy, with three teeth 

on each margin of furrow. 

Clypeus low, about half height of median eye area, a little higher than in 

R. andinus. Eyes about as in other species, both rows recurved, all dark; 

anterior median eyes only slightly smaller than others, separated by three- 

fourths of a diameter; posterior median eyes separated by a diameter; me- 

dian ocular area almost as broad as long, somewhat narrowed in front. 

Maxillae straight ectally as in R. andinus; lip a little longer than broad, 

with basal third shallowly notched; sternum large, round, wider than in 

other species, almost as wide as long, only a little concave in front, somewhat 
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scalloped on sides, produced to blunt point behind. Trochanters deeply 

notehed. 

Legs hairy as in other species; spines partially replaced by bristles, and 

many of the spines, especially those under tibiae, bristle-like at tips. Claws 

as in other species; first leg with nine teeth on upper claws; lower claw with 

one very fine, long, recurved tooth. Legs 4123. Length of legs: 

Femur Pat.-tibia Metatarsus Tarsus Total 

Mle SS Wes han) cena 3.16 4.00 2.88 1.49 11.53 

eI Mee tre 3.16 oral 2.70 1.58 11.35 

a a ie iN eens deem 3.07 3.00 2.01 1.40 10.51 

AS hy Seer ae 3.00 4.46 3.81 1.58 13.20 

Spination of legs: Leg 1. Femur, 9 scattered dorsal, bristle-like; patella, 

distal bristle and 1 feeble spine on each side of middle; tibia, 2-2-0 weak 

ventral, 2 pro- and 2 retrolateral; metatarsus, 2-2-8 ventral, 2 pro- and 2 

retrolateral (well developed). Leg 2. Femur and patella as leg 1; tibia, 2 

bristles—2—1 bristle and 1 feeble spine ventrally, 2 pro- and 2 retrolateral, 1 

dorsal bristle; metatarsus as leg 1. Leg 3. Femur and patella as leg 1; tibia, 

1-2-2 ventral, 2 pro- and 2 retrolateral, 1 weak dorsal; metatarsus as leg 1. 

Leg 4. Femur, 7 bristle-like spines dorsal; patella as leg 1; tibia, 1-2-2 (all 

bristle-like) ventral, 2 pro- and 2 retrolateral, 1 weak dorsal; metatarsus as 

leg 1. 

The pedicel has the anterior piece of the lorum with a very deep, rounded 

noteh, into which the projection of the posterior piece fits, as in Dolomedes. 

Genital plaque (fig. 8) red, bluntly triangular with apex behind, outlined 

behind with black, heavily sclerotized chitin, more arched than in other 

species, midline somewhat depressed; posteriorly projecting considerably 

beyond genital groove, with brush of long hairs on each side and band in 

midline clothed with short hairs; a pair of bands of light chitin are faintly 

discernible posteriorly, and lateral to each is a deep notch in the posterior 

wall, which is reflected on the posterodorsal wall as a groove leading to the 

external openings. A pair of ventral spermathecae are visible as two dark 

patches, not so far apart as in most species. Internally, the spermathecal 

complexes are not so distant from one another as in other species; anterior 

spermathecae considerably anterior to the ventrals as in R. weyrauchi, and 

slightly elongate and somewhat tipped toward one another; the general 

structure appears the same as in R. rothi, R. andinus, and R. weyrauchi. The 

sickle-shaped flange of the fertilization duct is narrower than in the other 

species, but the duct itself is wider, sclerotized, and clearly visible. 

The spiracular furrow appears to be a little distance anterior to the 

spinnerets. Colulus as in other species. Spinnerets robust; anterior pair not 

quite contiguous, short; medians contiguous, slender, about as long as ante- 

riors; posteriors widely separated, longer than in other species, the basal 
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segment is longer than the anterior pair, and the distal segment is well 

developed and conspicuous. Anal tuberele as in other Rhoicinus. 

Locauity DATA. Holotype female—Peru (Iuanuco): 43 mi. east of 

Tingo Maria, collected October 5, 1954, by E. I. Schlinger and E. S. Ross. 

Remarks. As only the holotype female is known, there are no data on 

variability. Rhoicinus schlingeri lives in the same general area as R. andinus, 

and has many features, including size, in common. It is here considered a 

distinct species, separated by the following characters: wider sternum, 

higher elypeus, longer posterior spinnerets, and differences in appearance 

and structure of genital plaque. 

The species is named for one of the collectors, EK. I. Schlinger. 

Rhoicinus andinus Exline, new species. 

(Figures 3, 7, 9.) 

FemMaALeE. Total length 11.16 mm.; carapace, 4.19 mm. long, 3.07 mm. 

wide, 1.12 mm. high (paratypes a little shorter). Carapace light brown, 

darker on sides and front of head; indistinct pair of wide, longitudinal bands 

and conspicuous radiating lines on thorax. Chelicerae dark reddish-brown; 

lees vellowish with gray annulations on ventral side of femora (paratypes 

have tibiae also annulate). Maxillae and lip light reddish-brown; sternum 

vellow, darker toward edges; coxae pale vellow. Abdomen irregularly gray- 

ish, with soft prone hairs and longer, more erect hairs, with a pale irregular 

longitudinal marking, formed of coalescing chevrons, in the median dorsal 

area. Venter with a pale median longitudinal stripe; spinnerets yellowish. 

Chelicerae rather slender, only slightly geniculate, protruding, with 

large boss; three teeth on each margin of fang groove; fang short and heavy. 

(A paratype has four teeth on ventral margin of fang groove of one cheli- 

cera). Carapace low, evenly rounded on sides, with thoracic region consid- 

erably wider than cephalic, which has nearly parallel sides that slightly 

taper anteriorly; cephalic furrows indistinct; thoracic groove long and deep. 

Pedicel as in Dolomedes, though not so strongly notched. 

Clypeus less than half the height of median eye area. Eyes in two re- 

curved rows, anterior row much shorter than posterior; median ocular area 

somewhat longer than wide, a very little narrower in front than behind; 

median eves of both rows separated by about a diameter; anterior median 

eyes shehtly smaller than others; lateral eves well separated, each on a sepa- 

rate, very low tubercle. 

Lip a little longer than broad, blunt in front, sides straight but nar- 

rowing anteriorly, basal third deeply notched on each side. Maxillae with 

parallel lateral sides, inner sides inclined to median line but not curved over 
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lip. Sternum almost flat, coneave in front, sides not so undulated as in 

R. gaujoni, and posteriorly narrowed more gradually to a blunt point. 

Legs moderately long, conspicuously covered with long, soft hair that is 

eurved at tips, short hairs, and slender spines. Trichobothria as on other 

species, but a few very long. Tarsi as in other species, upper claws with 

9-14 teeth, median claw with one fairly long tooth (leg 3 of paratype, 10 

teeth on upper claws, median claw with one very long, thin, recurved tooth). 

Lees of both holotype and paratypes 4213. Leneth of legs of holotype: 

Femur Pat.-tibia Metatarsus Tarsus Total 

| earpiece wore 3.09 4.65 onOo A, 13.50 

De cbecaaeiend orate 3.81 4.74 3.00 1.63 13.53 

Sa ey ce O.12 4.09 2.98 1.3 12°09 

1 Sa neg ee 4.19 5.02 4.19 1.86 15.26 

Spination of legs: Leg 1. Femur, 1 prolateral, 7 weak, scattered, dorsal; 

patella, 1 weak prolateral, 1 basal, 1 distal, 1 retrolateral bristle; tibia, 1-2-2 

ventral and 2 basal bristles; 2 pro- and 2 retrolateral (all short and weak) ; 

metatarsus, 2-2-3 ventral, 2 pro- and 2 retrolateral (stronger than those on 

other segments). Leg 2. Femur, 3 spine-like bristles in midline, others seat- 

tered; patella as of leg 1; tibia, 1-1-2 bristle-like ventral, 2 pro- and 2 retro- 

lateral; metatarsus, as leg 1. Leg 3. Femur with about 10 bristle-like, dorsal; 

patella, as leg 1; tibia, 1-2-2 bristle-like, 1 pro- and 2 retrolateral, 1 dorsal; 

metatarsus, 2-2-3 ventral, 3 pro- and 3 retrolateral. Leg 4. Femur, 8 seat- 

tered, bristle-like, dorsal; patella, as leg 1; tibia, as leg 3; metatarsus, 2-2-3 

ventral, staggered, 2 pro- and 3 retrolateral. 

Abdomen fairly large, as in other species. Colulus large; anterior spin- 

nerets almost contiguous, robust; median pair slender, nearly as long as 

anterior; posteriors almost as robust as anteriors, longer, with distinet sec- 

ond segment (see fig. 3). Anal tubercle as in R. gaujon. 

Genital plaque (figs. 7, 9) heavily sclerotized, with broad posterior mar- 

gin, evenly curved, interrupted by a pair of slits; pale areas invisible in 

holotype but conspicuous in paratypes, just median to slits, small and bor- 

dered by selerotized bands of chitin. Very long curved hairs on sides; short 

hairs cover median area to posterior edge. A pair of darkened areas, marking 

position of ventral spermathecae, somewhat nearer each other than in 

R. gaujoni or R. rothi. Openings on postero-dorsal surface. Structure much 

like R. rothi, but anterior spermathecae round and very little anterior to 

ventral spermathecae; flanges of fertilization duct typical, sightly more 

than a diameter apart, rather short. 

Remarks. The almost evenly curved posterior margin of the genital 

plaque and low eclypeus separate R. andinus from R. gaujoni, R. wallsi, R. 

schlingeri, and R. rothi, to all of which it is closely related. 
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Locauity DATA. Holotype and one paratype (female)—Peru (Huanuco- 

San Martin) : Manson Valley, near Tingo Maria, collected December 2, 1954, 

by E. I. Schlinger and E. S. Ross (California Academy of Sciences). Para- 

type female—Peru (Huanuco) : Divisoria, 1400 m. above sea level in Cor- 

dillera Azul, collected by Prof. Dr. W. K. Weyrauech (American Museum 

of Natural History). 

Rhoicinus weyrauchi Exline, new species. 

(Figures 11, 13.) 

Fema.e. Total length, 4.93 mm. Carapace 2.23 mm. long, 1.67 mm. wide, 

0.98 mm. high. Carapace with cephalie part and chelicerae chestnut brown, 

thoracic part infused with lighter patches and dark radiating markings. 

Legs brownish yellow, with dark gray annuli on all segments except tarsi, 

conspicuous ventrally but somewhat obscure dorsally. Maxillae and lip dark, 

sternum yellowish but darker opposite coxae; coxae yellow. Abdomen dark 

eray, with yellow marking over heart region and two pairs of yellow patches 

behind, followed by a single one; sides also with irregular yellow patches; 

venter nearly all yellowish; spinnerets same infused with gray. 

Chelicerae moderate in size, almost straight, with large boss; fang short 

and heavy, three teeth bordering each margin of fang groove. Cephalic 

region blunt in front, with parallel sides, rather high; thoracic part evenly 

rounded on sides; cephalic grooves distinet; thoracic groove small and short. 

Eyes much as in other species, all dark, about equal in size, in two some- 

what recurved rows. Median ocular area rectangular, longer than wide, both 

anterior and posterior median eyes separated by only a radius. Lateral eyes 

separated by a diameter; posterior median eyes separated by more than a 

diameter from posterior lateral eyes. Clypeus perpendicular, not quite half 

as high as median ocular area. 

Lip about equally broad and long, very shallowly notched on each side 

of basal third; maxillae normal, almost meeting over lip; sternum large, 

concave in front, scalloped on sides, tapering gradually to blunt point be- 

hind, completely separating hind coxae; surface of sternum rounded rather 

than flat. 

Legs with eylindrical coxae; trochanters deeply notched; legs without 

long curved hairs found in other species (possibly lost, as trichobothria also 

are mostly missing). Spines stouter and longer than in R. andinus or R. 

schlingeri, and far fewer ot them are reduced to bristles. Upper claws of 

second leg with 12 teeth, lower claw with one long tooth; pair of false aeces- 

sory claws present. Legs, 4215; length: 



600 CALIFORNIA ACADEMY OF SCIENCES [ Proc. 4TH SER. 

Femur Pat.-tibia Metatarsus Tarsus Total 

eG eee Mie Ss toes: 2.20 2.01 1.67 1.12 7.03 

oh Gee a eR 2.33 2.50 eres ePall Til. 

RL ee ane PUR 1.95 2.14 1-67 0.93 6.69 

Ae pete ee eee 2.01 3.07 2.01 1.26 9.35 

Spination of legs: Many of the spines have been lost; both holotype and 

paratype have been examined to compile the following data. Leg 1. Femur, 

6 to 8 seattered dorsally; patella, 1 on each side of middle; tibia, 3 pairs 

ventral, well developed, 2 pro- and 2 retrolateral; metatarsus, 2-2-3 ventral, 

2 pro- and 2 retrolateral. Leg 2. Femur, approximately 10 scattered dorsal; 

patella, tibia, and metatarsus as leg 1. Leg 3. Femur, 8 scattered dorsally; 

patella, as leg 1; tibia, 1-2-1 ventral (1 distal replaced by bristle), 2 pro- 

and 2 retrolateral, 1 dorsal; metatarsus, 2-2-3 ventral, 3 pro- and 3 retro- 

lateral. Leg 4. Femur, 4 scattered dorsally; patella as leg 1, probably with 

1 distal; tibia, 1-2-2 ventral, 2 pro- and 2 retrolateral, 1 dorsal; metatarsus 

as leg 3. 

Spinnerets stout, proportionally not so long as in other species but other- 

wise similar, with posteriors a little longer than anterior pair; colulus and 

anal tubercle similar. Spiracular furrow some distance anterior to spinnerets. 

Genital plaque (fig. 11) wider than jong, not so heavily sclerotized as in 

other species, blunt behind and extending very slightly behind genital fur- 

row. Openings on posterodorsal surface as in other Rhowcinus; imternal 

structure more completely visible through exterior chitin than in other spe- 

cies, ventral spermathecae show through as darkest objects, anteriors lighter; 

the structures of each half widely separated. The internal structures (fig. 

13) are discussed under “Genitalia,” above. 

Locauity pata. Holotype and paratype females—Peru (Junin) : Chan- 

ehamayo Valley, 800 m. altitude, collected February 7, 1953, by W. K. 

Weyrauch. The paratype will be deposited in the collection of Prof. Dr. 

Weyrauch, Lima, Peru, for whom the species is named. The holotype is to 

be deposited at the California Academy of Sciences. 

Remarks. Rhoicinus weyrauchi is the smallest species of Rhoicinus 

known. Its genital plaque differs from the others in being considerably wider 

than long and not heavily sclerotized, with the structures of the two sides 

very far apart, and the posterior edge blunt and not extending beyond the 

genital groove. Rhoicinus waplert Simon, a small species from Venezuela, is 

similar to R. weyrauchi, Judging from Simon’s brief description; type speci- 

mens from Simon’s collection, or topotype material from Venezuela, would 

have to be compared with R. weyrauchi to determine the degree of affinity. 



Vor. XXIX] EXLINE: RHOICININE SPIDERS 601 

Genus Calacadia Exline, new genus. 

Type Species. Calacadia chilensis Exline, new species. 

Carapace fairly high, cephalic part broad, blunt in front, with nearly 

parallel sides; thoracic part not much wider than cephalic; longitudinal 

thoracic groove present, cephalic grooves poorly developed. 

Eyes in two nearly straight rows, anterior row somewhat procurved, 

short, with medians smaller than laterals, all about equally spaced; posterior 

row similar in size, about equally spaced, and a little recurved, procurved, 

or straight; all dark. Clypeus very narrow, usually not as high as diameter 

of anterior median eyes. 

Chelicerae heavy, geniculate, with large boss; fang groove inconspicuous, 

usually armed with three teeth above, most medial of which extends as a 

sclerotized ridge half length of chelicera, and two small teeth near fang 

below. Lip about equally wide and long, with basal fourth or fifth exea- 

vated; maxillae parallel, somewhat overlapping above lip, with inner tip 

scopulate. Sternum almost flat, blunt in front, and attenuated between hind 

coxae posteriorly. 

Legs of moderate length, spiny; trochanters all rebordered distally and 

notched conspicuously (weakly in C. osorno); three to five pairs of spines 

under tibia 1, distal pair weak, second and third pairs usually overlapping. 

Patellae unarmed except fora short distal bristle. Two rows of trichobothria 

on tibiae, metatarsi, and tarsi. Distal tip of posterior four metatarsi with 

stiffened, denticulate hairs. Tarsi with three claws, upper claws armed with 

7-13 teeth, usually 7-9, median claw with 1-3 very fine teeth that are seen 

only with high magnification. Males with more teeth on upper claws than 

females. 

Pedicel as in Rhoicinus; abdomen ovoid, without plumose hairs; spiracle 

somewhat anterior to spinnerets; six spinnerets, preceded by a very large 

colulus, anteriors nearly contiguous, short and robust, with very short apical 

segment, medians contiguous, shorter than either anteriors or posteriors; 

posterior pair farther apart than anterior, but not extending farther later- 

ally, much more slender and a little longer or shorter, provided with a small 

second segment, the tip of which bears 12—14 spinning tubules. Anal tubere!e 

two-segmented. 

The genitaha of Calacadia are complex but uniform in general construe- 

tion, showing a close relationship between species (see above, “Genitalia,” 

and figs. 25-36). 

REMARKS. The new species of Calacadia are fairly easy to separate; pre- 

viously described species, although placed in Calacadia with confidence, were 

not described in sufficient detail to separate them in the key, nor even to 

identity any of the recent material with them. Therefore some of the present 

hames may be synonyms of previously named species; C. dentifera (Tull- 
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eren) may be a synonym of C. ambigua (Nicolet), and the supposed male 

and female of C. radulifera (Simon) may not be conspecific. 

KryY TO FEMALES OF CALACADIA 

1. Five pairs of ventral tibial spines; genital ridges over half length of genital 

| 70 = meaner ea aa Pe a TR eeennernnace 2 

Less than five pairs of spines under anterior tibiae; genital ridges short, half 

lenge th-of plaque: or less 5.25 et a eh eee 3 

bo Surface of genital plaque rounded; ridges long and considerably arched toward 

one another; spermathecae contiguous and rounded anteriorly; fertilization 

canal Jarge; but not coiled= 222 2 C. chilensis Exline, new species 

Surface of genital plaque flat; ridges long and only slightly arched; spermathecae 

long, narrow, contiguous throughout length; fertilization canal longer, nar- 

LOWE anG an Checomled ae ees ee ee C. rossi Exline, new species 

3. Four pairs of spines under tibiae 1; genital ridges very short; spermathecae well 

separated, small, elongate, and narrow...... C. coquimbensis Exline, new species 

Three pairs of spines under tibiae 1; genital ridges raised above vaulted groove; 

spermathecae contiguous with coiled fertilization canal... 200. 

nal ee Ae i Al ONCE eee ESR Peres L ee aE aN a ee BLS Cia C. osorno Exline, new species 

Calacadia chilensis Exline, new species. 

(Figures 16, 22, 23, 25, 26, 28, 30.) 

FemauLe. Length 5.5 to 10.0 mm. Carapace yellow to burnt orange, 

streaked with irregular gray markings; legs similar but a little lighter, 

irregularly annulated with gray, usually with two to three annulations 

under femora; abdomen pale, mottled with dark gray and with an indistinet 

longitudinal band outlined with light and dark markings (fig. 16). Body 

covered with hair, but none plumose. 

PLATE III (Enlargements approximate) 

Figure 16. Calacadia chilensis Pxline, new species, pattern of abdomen, holo- 

type female (x 8). 

Figure 17. Calacadia coquimbensis Exline, new species, pattern of abdomen, 

holotype female (x 8). 

Figure 18. Calacadia osorno Exline, new species, dorsal view of body (x 8). 

Figure 19. Calacadia rossi Exline, new species, ventral view of body (x 8). 

Figure 20. Calacadia rossi Exline, new species, dorsal view of body (x 8). 

Figure 21. Calacadia rossi Exline, new species, modified hair from tip of leg 3. 

Figure 22. Calacadia chilensis Exline, new species, spinnerets and colulus 

(ue 

Figure 23. Calacadia chilensis Exline, new species, tibia, metatarsus, and tarsus 

of leg 1 (X 8). 

Figure 24. Calacadia rossi Exline, new species, claws of leg 3, showing teeth on 

upper and lower claw, the false accessory claw, and a few hairs. 
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Carapace high, highest in posterior part of cephalic region, with gently 

rounded sides; cephale region almost as wide as thoracic and blunt in front, 

with sides parallel. Chelicerae heavy, geniculate, nearly triangular in lateral 

view, protruding anteriorly well beyond carapace, boss conspicuous; fang 

long, with inconspicuous groove, two small teeth near base of fang, articulat- 

ing with fang rather than on posterior edge of groove, three larger teeth 

anterior to fang groove, with the most distal from fang attenuated as a 

sclerotized ridge extending to base of chelicerae; anterior edge of groove 

bordered with a fringe of long hairs. 

Eyes all dark, posterior row considerably longer than anterior, and 

straight or shghtly procurved or recurved, equidistant and equal in size, 

anterior row procurved and equidistant, anterior median eyes smaller than 

others. Median ocular area nearly as lone as wide, but greatly narrowed in 

front; lateral eyes separated by less than a radius. Clypeus three-fourths 

diameter of anterior median eyes. 

Maxillae of moderate length, almost parallel on sides, slightly inclined 

over labium, heavily scopulate on inner margin of apex. Labium as broad as 

long, basal one-fifth excavated, anterior to which is broadest part, rounded 

on sides to the blunt anterior margin. Sternum broad and almost flat, a little 

longer than broad (5:4), nearly straight in front, with slightly sinuous 

parallel sides, narrowing evenly from third coxae to fourth, with narrowly 

pointed tip separating fourth coxae; sparsely clothed with long, black, erect 

hairs and shorter, inclined hairs. Coxae large, eylindrical; all trochanters 

notched. 

Lees moderate in length and thickness (fig. 23), 4123, with many spines 

and several types of hair, with trichobothria in irregular double rows on 

tibiae, metatarsi, and tarsi; 4-5 pairs of spines under tibia 1, typically five 

pairs, with distal pair weak and one weak prolateral and one weak retro- 

lateral spine; distal pair sometimes not developed, and in one specimen pro- 

and retrolateral spines lacking; second and third pairs of spines usually 

somewhat overlapping, and fourth pair more widely separated than others. 

Tarsi with three claws, upper claws long and similar, pectinate with 7—9 

teeth; third claw small, usually with two very small, slender teeth near base, 

the proximal one of which may be reduced to a denticle. A pair of unser- 

rated accessory spines is present. Hairs on tarsi dense, especially under- 

neath, but not forming scopulae; hairs on distal half of metatarsi, especially 

posterior pairs, stiff and shehtly modified with irregular denticles. Palp with 

a lone pectinate claw. 

Pedicel as in Rhoicinus, but very shallowly notehed. 

Genital plaque large, dark, heavily sclerotized, with surface rounded 

behind middle and obseured by hair. Externally with a pair of long sclero- 

tized ridges facing one another like a pair of parentheses, separated by 

nearly the width of the plaque. Deep narrow grooves le under and along 
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the medial sides of ridges, connected anteriorly by a shallow, wide groove 

in anterior part of plaque (fig. 28). Grooves end posteriorly in openings to 

internal structures, difficult to see. Sclerotized points may terminate ridges 

posteriorly, or points may be absent, or may be separate and posterior to 

ridges. In specimens not too heavily sclerotized, several internal structures 

may be partly discernible. Anteriorly, a darkened pair of structures that 

outline plaque, are parts of the copulatory canals; between these and the 

large pair of median rounded spermatheeae, a pair of connecting tubes may 

be visible. Posterior to and between tips of spermatheeae, which turn outward 

posteriorly where connecting canals enter them, les a pair of fertilization 

eanals. If lip of plaque is raised, these are clearly seen as large chambers 

bent dorsally. Internal structures are described under “Genitalia,” above 

(see also fig. 30). 

Spiracular opening a short distance anterior to spinnerets. Anterior spin- 

nerets moderate in size, cylindrical, almost contiguous, preceded by a very 

large rounded colulus; median spinnerets normal; posterior spinnerets more 

slender than anterior, but usually a little longer, with a short second seg- 

ment, tip of which bears about 14. spinning tubules (fig. 22). (In some speci- 

mens the posterior spinnerets are somewhat receded, and appear shorter 

than anterior pair.) The posterior spinnerets are well separated, but not 

extending laterally as far as anterior pair. Anal tubercle moderate in size, 

with two segments. 

MEASUREMENTS AND DETAILS OF HOLOTYPE. Total length, 8.88 mm.; cara- 

pace, 4.30 mm. long, 2.99 mm. wide, 1.68 mm. high. Eyes: diameter of 

even esOcG am.. AH. 0:24 mm, PME. 0.20;mm.:; PE. 0:22 mm: 

Distance between A.M.E., 0.08 mm.; A.M.E. and A.L.E., 0.08 mm.; P.M.E., 

0.24 mm.; P.M.E. and P.L.E., 0.22 mm.; A.L.E. and P.L.E., 0.08 mm. Height 

of cypleus at level of A.L.E., 0.12 mm. 

Measurements of legs: 

Femur Pat.-tibia Metatarsus Tarsus Total 

JL A 2S Se eee 3.10 4.04 2.63 LAs 10.90 

te ee i ep oii 3.46 2.06 1203 9.26 

SN ENS A 2.63 2.81 2.45 0.94 8.81 

ee See eee alk 4.5 3.00 Zak NP) 

Spination of legs: Leg 1. Femur, 1 prolateral, 6 dorsal (3 weak in median 

line) ; tibia, 5 pairs ventral, 2 pro- and | retrolateral (or 6 pairs ventral and 

1 prolateral) ; metatarsus, 3 pairs ventral, 3 pro- and 2 retrolateral. Leg 2. 

Femur, 7 dorsal (3 in midline, 1 on each side basal, 1 on each side distal) ; 

tibia, 4 pairs ventral, 2 pro- and 1 retrolateral; metatarsus, 3 pairs ventral 

and 1 median distal, 3 pro- and 2 retrolateral. Leg 3. Femur, same as leg 2; 

tibia, 2 dorsal, 3 pairs ventral, 2 pro- and 2 retrolateral; metatarsus, 2—2-3 
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ventral, 3 pro- and 3 retrolateral, 1 dorsal. Leg 4. Femur, 6 dorsal; tibia, 

2 dorsal, 1-1-2 ventral, 2 pro- and 2 retrolateral; metatarsus, 3 dorsal, 3 

pro- and 3 retrolateral, 1-1-2 ventral. 

Mate. Total length, 8.4 mm.; carapace, 3.9 mm. long, 2.8 mm. wide, 1.5 

mm. high. Quite similar to female, although legs are longer in proportion to 

body, and chelicerae not so robust nor protruding so far in front of cara- 

pace; abdominal pattern as in female. Cheliceral teeth, fang, maxillae, lip, 

and sternum as in female. Eyes dark, posterior row straight although ap- 

pearing slightly procurved. Diameters of eyes: A.M.E., 0.12 mm.; A.L.E., 

0.16 mm.; P.M.E., 0.16 mm.; P.L.E., 0.16 mm. Distance between A.M.E., 

0.10 mm.; A.M.E. and A.L.E., 0.10 mm.; P.M.E., 0.22 mm.; P.M.E. and 

P.L.E., 0.22 mm.; A.M.E. and P.M.E., 0.24 mm.; A.L.E. and P.L.E.,0.14 mm. 

Legs with trochanters rebordered and notched as in female, trichobothria 

in double rows on tibiae, metatarsi, and tarsi, but a few trichobothria on 

metatarsi are unusually long (twice as long as segment is thick). Tarsi more 

thickly clothed with short unmodified hairs; a few slightly dentate hairs on 

tip of metatarsi. Claws with many more teeth than in female, 14 on upper 

claw of leg 2, three very small on lower claw. Length of legs: 

Femur Pat.-tibia Metatarsus Tarsus Total 

Jy eee Oe eee 3.16 4.19 2.70 1.40 11.45 

DM ees Ys 3.07 3.12 2.70 4.21 10.70 

°) Lo Aen ee Perales) 3.44 2.88 1.12 10.23 

ES el? Se: 3.44 4.57 3.81 1.40 13.02 

PLATE IV (Enlargements approximate) 

Figure 25. Calacadia chilensis Exline, new species, palp of male allotype, ven- 

tral view (x 38): 1) embolus, 2) terminal apophysis or “fulcrum,” 3) conductor. 

Figure 26. Calacadia chilensis Exline, new species, palp of male allotype, lateral 

view (xX 19). 

Figure 27. Calacadia coquimbensis Exline, new species, palp of male allotype, 

ventral view (x 19). 

Figure 28. Calacadia chilensis Exline, new species, genital plaque of female 

holotype (xX 38). 

Figure 29. Calacadia coquimbensis Exline, new species, palp of male allotype, 

lateral view (x 19). 

Figure 30. Calacadia chilensis Exline, new species, genital plaque of female, 

cleared (x 76): 1) lumen of copulatory canal, 2) copulatory canal, 3) external or 

copulatory ridge, 4) diverticulum, 5) connecting canal (between diverticulum and 

spermatheca), 6) spermatheca, 7) external opening into copulatory canal, 8) fertili- 

zation canal (dorsal to posterior part of spermatheca, 9) fertilization duct (emptying 

into ventral wall of vagina). 
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Spination of legs: Leg 1. Femur, 6 small dorsal, 1 prolateral; patella, 

1 basal, 1 distal very weak dorsal; tibia. 1 weak basal dorsal, 1 pro- and 1 

retrolateral, 5 pairs ventral (not so long as in female); metatarsus, 1 dorsal, 

2 pro- and 2 retrolateral, 4 pairs ventral with 1 distal median. Leg 2. Femur, 

6 very weak dorsal; patella, 1 distal spine or bristle; tibia, 2 very weak dor- 

sal, 1 pro- and 1 retrolateral, 5 pairs ventral; metatarsus, 3 dorsal, 1 pro- 

and 1 retrolateral, 3 pairs and 1 median distal ventral. Leg 3. Femur, 7 dor- 

sal; patella, 1 basal and 1 distal, weak; tibia, 2 dorsal, 2 pro- and 2 retro- 

lateral, 3 pairs ventral with distal pair stronger than others; metatarsus, 

1 basal dorsal, 3 pro- and 3 retrolateral, 3 pairs ventral with 1 median 

distal. Leg 4. Femur, 6 dorsal; patella, 1 weak basal and 1 distal bristle; 

tibia, 2 dorsal, 3 retro- and 2 prolateral, 3 pairs weak ventral; metatarsus, 

2 dorsal, 3 pro- and 3 retrolateral, 3 pairs and 1 median distal ventral. 

Anterior pair of spinnerets robust, short, not quite contiguous, preceded 

by large tongue-shaped colulus as in female; posterior pair very slender, 

shorter than in female, farther apart than anterior pair, with distinet but 

small apical segment. 

For a general discussion of the palp, see above under “Genitalia” (figs. 

25, 26). The patella and tibia are short and equal in length. The patella is 

armed retrolaterally with a short, basal protuberance bearing many equally 

short, stout teeth on its sloping anterior surface; on its retrolateral side the 

tibia bears a short, fleshy, finger-like, basal process, and a distal, blunt, chiti- 

nous process distally that extends beyond the segment, and is slightly keeled 

ventrally. The tarsal eymbium is large and elongate. The visible part of the 

bulb is mostly tegulum, with a hooked median apophysis in the anterior 

median part, and the large terminal apophysis and embolus arising from 

the basal retrolateral side of the tegulum. The terminal apophysis surrounds 

the embolus except at its tip, and both extend anteriorly beyond the bulb. 

The conductor is almost membranous, arising from the retrolateral side of 

the tegulum, anterior to the terminal apophysis and embolus. 

Specimens of C. chilensis are somewhat variable. One small female has 

only four pairs of spines on the ventral side of the tibia. The female genital 

plaque is subject to more variability than that accounted for by age and 

degree of sclerotization. The copulatory canals are contiguous anteriorly in 

some females; in others, including the holotype, they are widely separated. 

The anterior extent of the copulatory canals differs also. The diameter and 

length of the connecting canals are not the same in all specimens: in one 

female these make no anterior loop, but pass directly from the diverticulum 

to the posterolateral opening into the spermathecae. 

Calacadia chilensis is obviously distinet from the other new species, al- 

though all are closely related. It may, however, be a synonym of C. ambigua 

(Nicolet), for which there is no adequate description. C. dentifera (Tull- 

eren) differs in details of the male palp, and C. radulifera (Simon) seem- 
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ingly is armed with three teeth on the lower margin of the cheliceral fang 

groove, and lacks the basal apophysis on the palpal tibia of the male. 

Locauity pata. Holoype female and three female paratypes—Chile 

(Osorno): Valley Forest, 18 km. west of Purranque, collected January 16, 

1951. Four female paratypes—(Osorno) : 10 km. east of Puyehue, January 

24, 1951. Allotype male—(Osorno) : 20 km. east of Puyehue, January 24, 

1951. Female paratype (small, with only four spines on ventral side of tibia 

1)—(Arauco): Nahuelbuta, Crest of Sierra (1200 m. elevation), west of 

Angol, January 23, 1951. Female paratype (with genital plaque with short 

connecting tubes)—(Cautin): 20 km. east of Témuco, January 17, 1951. 

These specimens were all collected by Drs. E. 8S. Ross and A. E. Michel- 

bacher. 

DISPOSITION OF TYPES. Ilolotype female, male allotype, and paratype 

females in California Academy of Sciences Collection; one paratype female 

in the Muséum National d’Histoire Naturelle, Paris; one in the collection of 

the American Museum of Natural History; one in the collection of the 

British Museum (Natural History); one in the Museum of Comparative 

Zoology (Cambridge); and two in my collection. 

Calacadia coquimbensis Exline, new species. 

(Figures 17, 27, 29, 33, 34.) 

FemaLe. Total leneth, 11.5 mm.; carapace, 4.8 mm. long, 3.1 mm. wide, 

2.0 mm. high. Body longer and more slender than C. chilensis or C. rossi and 

with fewer and shorter spines on legs. Carapace chestnut brown with irreg- 

ular gray markings; chelicerae shiny, darker; femora and patellae like cara- 

pace, annulate with gray; tibiae and metatarsi dark chestnut, tarsi lighter. 

Abdomen gray, with irregular darker markings, and median longitudinal 

stripe enclosing five pairs of light chevron-shaped spots (fig. 17). Sternum 

shiny light brown; venter of abdomen dove gray with genital plaque and 

spinnerets brown. 

Chelicerae protruding in front of carapace farther than in C. chilensis, 

otherwise similar in structure. Carapace with thoracic region not much 

wider than cephalic, slightly rounded with undulating margins. 

Eyes all dark, posterior row straight. Diameters of eyes: A.M.E., 0.14 

mm.; A.L.E., 0.20 mm.; P.M.E., 0.20 mm.; P.L.E., 0.22 mm. Distance be- 

tween A.M.E., 0.10 mm.; A.M.E. and A.L.E., 0.10 mm.; P.M.E., 0.22 mm. ; 

P.M.E. and P.L.E., 0.20 mm.; A.L.E. and P.L.E., 0.16 mm.; P.M.E. and 

A.M.E., 0.20 mm. Anterior median eyes smaller than others, anterior row 

almost equally spaced. Posterior eyes about equal in size and equally spaced; 

quadrangle formed by median eyes is a little wider behind than long. 

Maxillae as in C. chilensis; lip about equally long and wide with basal 
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fourth notched. Sternum slightly convex, ovoid but blunt in front and 

attenuated behind, separating hind coxae as in other species. 

Legs similar to C. chilensis, with trochanters obviously notched; modified 

hairs toward tip of metatarsi, especially on 3 and 4, with regular rows of 

very sharp denticles; claws of leg 3 with 7—8 teeth, lower claw smooth. Trich- 

obothria as in C. chilensis; spines of legs shorter and fewer in number, only 

4 pairs under tibia 1. Measurements of legs: 

Femur Pat.-tibia Metatarsus Tarsus Total 

J) OR Ree ases 2 agen 2.70 3.44 2.23 et 9.49 

De as ie Sr 2.60 3.16 os 15) 1.02 8.73 

Se ey Eee eer ae 2.51 3.07 2.05 0.95 8.56 

ATER NYA 9 Fons aad 3.07 4.19 3.09 Is 12.09 

Spination of legs: Leg 1. Femur, 3 dorsals, 1 prolateral; tibia, 4 pairs 

ventral, only second pair overlapping; metatarsus, 3 pairs ventral, 1 retro- 

lateral (small). Leg 2. Femur, 5 dorsals (3 in midline, 2 almost prolateral) ; 

tibia, 3 pairs ventral, 2 pro- and 1 retrolateral; metatarsus, 3 pairs and 1 

median distal ventral, 3 pro- and 2 retrolateral. Leg 3. Femur, 6 dorsal; 

tibia, 2-1-2 ventral, 2 pro- and 2 retrolateral, 2 dorsal; metatarsus, 2—2—1 

ventral, 3 pro- and 3 retrolateral, 2 large dorsal. Leg 4. Femur, 6 dorsal 

(all small); tibia, 2-1-2 ventral, 2 pro- and 2 retrolateral, 2 dorsal; meta- 

tarsus, 2-2-1 ventral, 3 pro- and 3 retrolateral, 1 large dorsal. 

Abdomen oval. Genital plaque not so heavily sclerotized as in other spe- 

cies, with ridges shorter, more curved, centrally placed but widely sepa- 

rated (fig. 54). The copulatory canals are seemingly sclerotized grooves 

instead of tubular, or part of tubes not sclerotized; diverticula small, con- 

necting canals long and forming almost a circle around the spermathecae 

(fig. 33). Spermathecae elongate, well separated, and obliquely placed. Fer- 

PLATE V (Enlargements approximate) 

Figure 31. Calacadia rossi Exline, new species, genital plaque of holotype female 

C33): 

Figure 32. Calacadia rossi Exline, new species, left side of genital plaque, 

cleared (x 76). 

Figure 33. Calacadia coquimbensis Exline, new species, right side of genital 

plaque, cleared (x 76). 

Figure 34. Calacadia coquimbensis Exline, new species, genital plaque of female 

holotype (x 38). 

Figure 35. Calacadia osorno Exline, new species, genital plaque of holotype 

(S< Ss) 

Figure 36. Calacadia osorno Exline, new species, left side of genital plaque, 

cleared (x 76). 
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tilization canals long and twisted, similar to those of C. rossi. Many details 

of the genital structures can be seen through the thin cuticle, at least in the 

holotype. Spinnerets, colulus, and anal tubercle similar to those of C. chilen- 

sis, but anterior spinnerets more nearly contiguous, and not extending so far 

laterally. Posterior spinnerets slightly shorter than anterior, but bear the 

small terminal segment. 

Mare. Smaller than female, with legs longer in proportion to body 

leneth, with less massive geniculate chelicerae. Total length, 7.16 mm.; 

earapace, 3.53 mm. long, 2.51 mm. wide (crushed so that height not meas- 

urable, nor accurate data on eyes obtainable). Eyes about as in female, but 

appear light in color, perhaps due to injury and loss of pigment. Chelicerae, 

mouthparts, and sternum as in female. 

Legs as in female except that claws of tarsi bear more teeth, as in male 

of C. chilensis: leg 3 with 11 teeth on upper claws, lower claw with three 

very small teeth; three or four trichobothria on metatarsi very long as in 

male of C. chilensis; posterior metatarsi bear stiff hairs toward tips, modi- 

fied, but not so noticeably as in female, with rows of fine spicules. Length 

of legs: 

Femur Pat.-tibia Metatarsus Tarsus Total 

Lia ee 2.98 3.12 2.60 1.50 10.60 

PH eh et Se a OER 2.98 3.63 2.42 1.21 10.24 

Dy Bat eee error ae 2.5iL 2.98 2.42 1.02 8.93 

Ae RO AOE oS 3.00 3.12 B00 1.30 11.90 

Spination of lees: Leg 1. Femur, 2 median and 1 small posterior, dorsal; 

tibia, 4 pairs ventral, 2 pro- and 2 very small retrolateral; metatarsus, 2—2—3 

ventral, 2 pro- and 2 retrolateral (small), 1 small dorsal. Leg 2. Femur, 6—7 

weak dorsal; patella, 1 weak distal; tibia, 4 pairs ventral, 2 pro- and 2 retro- 

lateral; metatarsus, 3 pairs ventral, 1 pro- and 2 retrolateral, 1 dorsal. Leg 

3. Femur, 7 weak dorsal; patella, 1 weak distal; tibia, 3 pairs ventral, 2 pro- 

and 2 retrolateral, 3 dorsal; metatarsus, 3 pairs ventral, 3 pro- and 3 retro- 

lateral and 3 dorsal. Leg 4. Femur, 5 very small dorsal; tibia, 2-2-1 ventral, 

2 pro- and 2 retrolateral, 2 dorsal; metatarsus, 3 pairs ventral, 3 pro- and 

3 retrolateral, 3 dorsal (all quite long). 

Palp (figs. 27, 29) very similar to that of other species, especially close to 

C. dentifera (Tullgren). Patch of teeth on lateral side of patella large but 

only shehtly protruding; basal protuberance of tibia low and inconspicuous; 

terminal apophysis of tibia fairly long, with ventral carina; parts of the bulb 

also similar to C. dentifera, but with terminal apophysis or “fulerum” 

straighter and completely enclosing slender, whip-like embolus, even at its 

tip. 
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Remarks. As male and female were collected some 8° of latitude apart, 

there is no certainty that they are conspecific. They are placed together on 

morphological characters and pattern: the spination of the legs is similar, 

spines are mostly short and not overlapping, and the pattern of the abdomen 

and lees is similar. The male specimen is pale and soft, and had just passed 

through its ultimate moult when captured. 

The male is similar to C. dentifera (Tullgren) from south Chile, which 

was described on the basis of a specimen with five pairs of ventral spines 

on the anterior tibiae; the figure of the palp shows a curvature of the tip of 

the terminal apophysis, the tegulum not so protruding as in C. coquimbensis, 

the tooth-bearing part of the patella more produced, and the tibia wider 

with a shorter terminal apophysis. 

Simon’s C. radulifera is also similar, but described with three teeth on 

the lower margin of the fang furrow of the chelicerae, and no mention was 

made of a basal apophysis on the tibia of the male palp. The female bears 

five pairs of ventral spines, according to Simon. 

The specific name is an adjectival form of the province (Coquimbo) in 

which the female holotype was found. 

TYPE LOCALITIES. Holotype female—Chile (Coquimbo): Fray Jorge 

Forest, collected December 11, 1950, by Drs. E. S. Ross and A. E. Michel- 

bacher. Allotype male—Chile (Cautin): 25 km. east of Témuco, collected 

winter, 1951, by M. G. Smith. Both specimens at the California Academy of 

Sciences. 

Calacadia rossi Exline, new species. 

(Figures 19, 20, 21, 24, 31, 32.) 

FEMALE. Total length, 7.56 mm.; carapace, 3.60 mm. long, 2.43 mm. wide, 

1.35 mm. high. Carapace and legs burnt orange streaked with dark gray, 

legs irregularly annulated; chelicerae darker than carapace; sternum and 

coxae dull yellow; abdomen oval, mottled with dark gray (specimen some- 

what denuded), seemingly without pattern (fig. 20). 

Carapace more slender than that of C. chilensis, with shehtly sinuous 

sides; cephalic region not much wider than thoracic. Both rows of eyes 

slightly procurved, lateral eyes slightly raised; median ocular area about as 

wide as long. Dimensions of eyes: A.M.E., 0.12 mm.; A.L.E., 0.20 mm.; 

P.M.E., 0.17 mm.; P.L.E., 0.24 mm. Distance between A.M.E., 0.06 mm.; 

A.M.E. and A.L.E., 0.11 mm.; P.M.E., 0.17 mm.; P.M.E. and P.L.E., 0.16 

mm.; A.M.E. and P.M.E., 0.18 mm.; A.L.E. and P.L.E., 0.08 mm. Clypeus, 

0.08 mm. at level of A.L.E., wider between edge and A.M.E.; sloping. 

Labium shghtly broader than long, basal one-fifth excavated. Sternum, 1.86 



614 CALIFORNIA ACADEMY OF SCIENCES [Proc. 4TH SER. 

mm. long, 1.48 mm. wide, nearly straight in front (fig. 19). Otherwise details 

of the cephalothorax as in C. chilensts. 

Legs as in genotype. Second tooth on third claw reduced to a denticle; 

upper claws bear nine teeth on front pairs of legs, seven on posterior (fig. 

24). Distal half of posterior metatarsi thickly clothed with long, stiff hairs, 

each of which bears one to three rows of tiny thorns along its length (fig. 21). 

Length of legs: 

Femur Pat.-tibia Metatarsus Tarsus Total 

LP re eee 2.34 3.28 2.00 1.22 8.84 

De is ee aerate oe 2.20 29 1.82 1.10 7.96 

OP select csr ase eae Aen: 2.2 2.04 1.00 6.72 

eee ee 2.10 3.69 o.1D 1.3 10.90 

Spination of legs: Leg 1. Femur, 3 dorsal, 1 prolateral; tibia, 5 pairs 

ventral, 1 pro- and 1 retrolateral; metatarsus, 1 pro- and 1 retrolateral, 4 

pairs ventral (somewhat irregular). Leg 2. Femur, 6 dorsal (3 in midline, 

2 nearly prolateral, 1 almost retrolateral) ; tibia, 4 pairs ventral, 2 pro- and 

1 retrolateral; metatarsus, 3 pairs ventral and 1 distal midventral, 4 pro- 

and 2 retrolateral. Leg 3. Femur, 7 dorsal (3 in midline and 2 on each side) ; 

patella, a distal spine-like bristle dorsally; tibia, 2 pro- and 2 retrolateral, 

2-2-1 ventral, 3 dorsal. Leg 4+. Femur, 6 dorsal (3 in midline, 2 nearly pro- 

and 1 nearly retrolateral, all weak) ; patella, 1 distal spine-like bristle; tibia, 

2-1-2 ventral, 2 pro- and 2 retrolateral, 2 dorsal; metatarsus, 2—2—1 ventral, 

3 pro- and 2 retrolateral, 3 dorsal. 

Female genital plaque heavily sclerotized (fig. 31) ; ridges almost straight, 

inconspicuous due to covering of long hair. Spermathecae very large, paral- 

lel, ovate, contiguous throughout length, but not bulging as in C. chilensis. 

Details of structure similar to C. chilensis, but parts more crowded, and 

fertilization canal a long twisting sclerotized duct overlapping on opposite 

half (fig. 32). 

Spinnerets as in C. chilensis, except that posterior pair appears much 

shorter, but may be receded as in some specimens of C. chilensis. 

Remarks. This may be a synonym of C. ambigua (Nicolet) or C. denti- 

fera (Tullgren). The first is not described in detail, the second from a single 

male specimen. If Simon was accurate about the armature of the chelicerae, 

C. rossi cannot be placed with C. radulifera (Simon). It is obviously sepa- 

rate from C. chilensis Exline, on the basis of structure of the genital plaque, 

and from C. coquimbensis Exline by the genital structures and the armature 

of the legs. Its separation from C. osorno Exline is not so definite: the arma- 

ture of the legs is quite different, but series of specimens may show this to 

be a variable character. Structures of the genital plaque are sufficiently dif- 

ferent in C. rossiand C. osorno to presume these represent different species, 
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but series of specimens may indicate a considerable variation in the width, 

leneth, and form of various organs; the general pattern of structures is much 

the same. 

The species is named for one of the collectors, Dr. E. S. Ross, California 

Academy of Sciences. 

Locauity pata. Holotype female and two immature males—Chile (Nu- 

ble) : 50 km. N.E. of San Carlos, colleeted December 26, 1950, by Drs. E. S. 

Ross and A. E. Michelbacher (California Academy of Sciences). 

Calacadia osorno Exline, new species. 

(Figures 18, 35, 36.) 

FemMaALe. Total length, 8.37 mm.; carapace, 3.35 mm. long, 2.42 mm. 

wide, and 1.40 mm. high. Chelicerae, legs, and carapace golden yellow to 

yellowish brown, irregularly marked with bright brown and gray; a large 

yellowish area behind eyes narrowing on thorax; legs with very irreg- 

ular annulations, darkest beneath femora. Sternum and coxae yellowish with 

eray markings, especially on tips of coxae, and a narrow longitudinal mark- 

ing on posterior tip of sternum. Abdomen mottled gray, without distinet 

marking over heart area, but with a dark patch on each side anteriorly; 

posteriorly with three pairs of chevron-shaped black markings (fig. 18); 

venter a little lighter than sides; spinnerets yellow. 

Chelicerae geniculate but not especially heavy, with large boss; fang 

groove armed as in other species. Eyes dark, small; elypeus low, wider than 

anterior median eyes but not so wide as anterior laterals. Both eye rows 

appear nearly straight; anterior row procurved, posterior row a little re- 

curved. Anterior median eyes less than a diameter apart, farther from 

laterals. Lateral eyes separated by about a diameter and situated on a com- 

mon low tubercle. Posterior eyes about equally large and equally spaced, 

medians separated by nearly a diameter. Median ocular area a little wider 

behind than long, and much wider posteriorly than anteriorly. 

Maxillae, lip, and sternum nearly as in C. chilensis; lip nearly as long as 

wide and deeply notched in basal fifth; sternum rounded in front except 

for being slightly excavated for lip, with shallow undulations on sides, 

pointed behind between hind coxae, longer than wide. 

Legs with trochanters only slightly notched, anterior tibiae with only 

three pairs of spines; legs rather short, covered with short, dark, simple 

hairs, and sparsely with longer, perpendicular, white hairs; trichobothria 

in double rows on last three segments; posterior pairs of metatarsi with 

brush of stiff hairs at tip, modified with at least one row of denticles; ante- 

rior tarsi with 9-10 teeth on upper claws; upper claws of third tarsi with 

only seven, lower claw with two extremely fine teeth. Leneth of legs; 
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Femur Pat.-tibia Metatarsus Tarsus Total 

A ee oe ee 2.14 2.60 1.67 0.98 G3 

Di Gore eae 2.05 2:30 1.67 0.84 6.89 

Oe Was SReotee wae 1:95 2.23 1.95 0.65 6.78 

te et co 2.42 3.26 2.98 1.21 9.87 

Spination of legs: Spines only moderately long and stout; those of ven- 

tral side of tibiae do not overlap. Leg 1. Femur, 5 dorsal (3 on midline, 2 

distally on prolateral side); patella, a distal bristle; tibia, 3 pairs ventral, 2 

prolateral; metatarsus, 2-2-3 ventral, 2 pro- and 2 retrolateral. Leg 2. 

Femur, 7 dorsal (3 in midline, 3 prolateral, 1 retrolateral); patella and 

tibia, as leg 1; metatarsus, 2-2-3 ventral, 3 pro- and 2 retrolateral, 1 dorsal. 

Leg 3. Femur, 7 dorsal (3 in midline, 2 on each side); patella, 1 basal and 

1 distal bristle; tibia, 2 (1 vestigial)—1—2 ventral, 2 pro- and 2 retrolateral, 

2 dorsal; metatarsus, 2-2-3 ventral, 3 pro- and 3 retrolateral, 2 dorsal. 

Leg 4. Femur, 5 dorsal (3 in midline, one on each side); patella, as on leg 3; 

tibia, 1-1-2 ventral, 2 pro- and 2 retrolateral, 2 dorsal; metatarsus, 2-2-3 

ventral, 3 pro- and 3 retrolateral, 1 dorsal. 

Anterior spinnerets almost contiguous, with a very small second segment, 

preceded by a large colulus; medians very small and slender; posterior spin- 

nerets very slender, well separated, shorter than basal segment of anteriors, 

bearing a short second segment with only a few spinning tubules. Anal 

tubercle normal, with two segments. 

Genital plaque nearly as wide as long (fig. 35); external or copulatory 

ridges short, extending posteriorly only a little beyond the middle, raised, 

ending posteriorly in a large, sharp point; groove median to each, leading 

into posterior part of copulatory canal, which is larger, longer, and more 

vaulted than in other species, before turning dorsally and anteriorly to make 

loop outlining half of plaque. Internal structures (fig. 36) similar to C. rossi; 

diverticulum long and narrow; connecting canal following same path as in 

C. rossi, but heavier; spermathecae contiguous, not so long as in C. rossi; 

fertilization canals heavier but not so long nor so much coiled as in C. rosst, 

each drained by a small duct leading to ventral wall of vagina. 

Comparative specimen: paratype female from near Purranque with total 

length of 6.70 mm.; carapace, 3.53 mm. long, 2.23 mm. wide, 1.30 mm. high; 

it had probably laid eggs before capture, as abdomen is short in proportion 

to carapace, and spinnerets are somewhat receded. Carapace and legs darker 

than holotype, with abdomen having golden east instead of uniform dull 

eray, and black markings more conspicuous. This specimen, an immature 

female, and two immature males agree with holotype in having only three 

pairs of spines on ventral side of anterior tibiae, and in the very shallowly 

notched trochanters. 
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ReMArRKS. Calacadia osorno is a small, well marked species, with only 

three pairs of ventral spines on the anterior tibiae; shallowly notched tro- 

chanters; short, conspicuous copulatory ridges on the genital plaque; and 

very slender and short posterior spinnerets. The internal structure of the 

genital plaque is quite similar to C. rossi. 

The specific name is that of the Chilean Province in which the specimens 

were collected, and is a noun in apposition. 

Locauity DATA. Female holotype—Chile (Osorno) : 10 km. east of Puye- 

hue, collected January 24, 1951, by Drs. E. S. Ross and A. E. Michelbacher. 

Female paratype, an immature female, and two immature males—/ Osorno) : 

Valley Forest, 18 km. west of Purranque, collected January 16, 1951, by 

Dr. Ross and Dr. Michelbacher. 

The holotype is the property of the California Academy of Sciences; the 

paratype female is to be deposited at the American Museum of Natural 

History. 

Calacadia ambigua (Nicolet). 

Clubiona ambigua NicoLet, 1849, Aracnidos, in GAy, Historia de Chile, T. 3, p. 438 

(male and female). 

Mynthes ambigua (Nicolet). Stmon, 1887, Mission Cap Horn, T. 6, p. E16 (male and 

female); 1898, Hist. Nat. Araign., ed. 2, T. 2, p. 245—TuLLGREN, 1902, Bihang 

T. K. Svenska Vet._Akad. Handl., Bd. 28, p. 71. 

Rubrius ambigua (Nicolet). PErRUNKEVITCH, 1911, Amer. Mus. Nat. Hist., Bull., vol. 

29, p. 536—Rorwer, 1954, Kat. der Araneae, Bd. 2, Abt. a, p. 97. 

Nicolet described Clubiona ambigua as having annulate spiny legs, with 

the aspect of a Lycosa; head with parallel sides, eyes all black, chelicerae 

very convex at base; abdomen elliptical with two longitudinal rows of 

oblique spots; male a little smaller than female, both sexes hairy. Simon 

deseribed the male palp as having the patella scarcely as long as wide, its 

external border regularly set with small teeth, and bearing on the outside a 

weak tubercle; the tibia, equally short, with a weak external tubercle, and 

at the distal external angle a conical apophysis, which is prolonged under 

the segment in the form of an oblique carina, not reaching the base; tarsus 

voluminous and attenuated. 

On the basis of the two descriptions, the species can be definitely assigned 

to Calacadia, but without more detailed information it is impossible to iden- 

tify recent material with C. ambiqua. 

Nicolet had at least one male and one female from Valdivia, Chile. 

Calacadia dentifera (Tullgren). 

Mynthes dentifer TULLGREN, 1902, Bihang T. K. Svenska Vet.-Akad. Handl., Bd. 28, 

pp. 69-71, pl. 7, figs. 5a, 5b (male). 
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Rubrius dentifer (Tullgren). PeTRUNKEVITCH, 1911, Amer. Mus. Nat. Hist., Bull., vol. 

29, p. 536—RoeEwer, 1954, Katalog der Araneae, Bd. 2, Abt. a, p. 98. 

Tullgren doubtfully placed his species in Mynthes Simon (type species, 

Coelotes subfasciatus Simon = Rubrius antarcticus (Karsch), according to 

Roewer), because Simon had identified Clubiona ambigua Nicolet as Mynthes 

ambigua, although he stated that his species was not closely related to M. 

subfasciatus (Simon). Tullgren’s description is excellent, although he did not 

mention the dark eyes, nor the colulus and spinnerets. According to Tull- 

eren: total length, 8 mm.; anterior tibiae with 5 pairs of spines underneath; 

eheliceral furrow with only 2 teeth on the posterior margin; and his figure 

of the male palp shows the toothed apophysis on the patella, the carinate 

apophysis of the tibia, with a very small hair-bearing protuberance on the 

basal part of the tibia, and the typical characters of the bulb; the terminal 

apophysis or “fulerum” of Tullgren’s species is curved at the tip. The de- 

scription was based on a male from the lower Aysen Valley of southern 

Chile. 

Calacadia radulifera (Simon). 

Rubrius radulifer Stmon, 1902, Hamburger Magal. Sammel., Bd. 6, Heft 4, pp. 36-37. 

This species clearly belongs to Calacadia. Simon described the females 

as being between 12 and 15 mm. in length, in which ease this is the largest 

species known. The anterior median eyes are larger than in other species, 

being scarcely smaller than the anterior lateral eyes; the chelicerae are some- 

what differently armed: the lower margin bears three small equal teeth, 

and the upper margin two larger teeth; the four anterior tibiae bear five 

pairs of ventral spines, and a smaller basal retrolateral spine; the genital 

plaque is wider than long, anteriorly rounded on each side, and truncated 

posteriorly. So far as described, other details agree with other species.* 

The male is 10 mm. long, with much longer legs than the female, and the 

posterior eyes are a little larger and a little closer together. The anterior 

tibiae have only four pairs of spines, but bear two pro- and two retrolateral 

spines. Simon deseribed the palp as having the patella no longer than wide, 

externally slightly convex, and with numerous irregularly placed, black 

spicules, forming a radula; the tibia is no longer but a little heavier than 

the patella, with a quite short and obtuse tooth directed anteriorly but pro- 

duced underneath in an oblique carina; tarsus much longer than tibia and 

patella together, quite widely ovate, but drawn out considerably toward tip 

and quite sharp; bulb large, complicated, armed on the external margin 

with a long, black, substraight spine (the terminal apophysis) reaching the 

2. Dr. Herbert W. Levi of the Museum of Comparative Zoology (Cambridge), in 1958, examined the type 
of Rubrius radulifer (Muséum National d’ Histoire Naturelle, Paris). He kas informed me that the chelicerae are 
armed as in other species of Calacadia, rather than as described by Simon. 
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apex of the tarsus. Seemingly there is no basal apophysis on the tibia of the 

palp, and the tooth-bearing portion of the patella is not sufficiently raised 

for Simon to have termed it an apophysis. 

The male and female may not be conspecific. 

Specimens were collected at Putabia, near Valdivia, April 20, 1893, and 

at Valdivia, March 31, 1893. 
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New names in boldface type 

Ablepharus grayanus, 461 

pannonicus, 461 

Acanthodactylus, 72 

boskianus, 83 

cantoris, 72, 451, 461 

cantoris arabicus, 73 

cantoris cantoris, 451, 452, 458 

cantoris schmidti, 72 

fraseri, 72, 83 

scutellatus, 72 

scutellatus hardyi, 72 

scutellatus scutellatus, 72 

Acanthodesia savartii, 90 

acarpa, Hydrangea arborescens Deamil, 171 

Acentronura, 466, 467, 471, 473 

A Copepod Crustacean from Great Depths in 

the Pacific Ocean, Bathycalanus sver- 

drupi, n. sp., by Martin W. Johnson, 

257-265 

aculeatus, Chelmon, 304, 307 

Prognathodes, 284, 304, 305, 307, 308 

acuminata, Hydrangea, 227, 229 

acus, Syngnathus, 471, 472 

acutirostris, Eremias, 461 

Adamia cyanea, 201 

adpressa, Hippopodinella, 135 

adramitana, Eremias, 74 

aegypti, Walterinnesia, 81 

aegyptius, Uromastyx, 83 

affinis guadalupae, Atherinops, 277 

Afghanistan, Report on a Collection of Rep- 

tiles from, by Alan E. Leviton, 445- 

463 

Agama, 65, 83, 459 

agilis, 66, 449, 461 

caucasica, 461 

cyanogaster, 83 

isolepis, 449 

jayakari, 67 

nupta, 461 

pallida, 65 

persica, 66, 83 

ruderata, 461 

sanguinolenta, 461 

scutellata, 450 

sinaita, 65, 83 

Agamidae, 65, 449, 461 

Agamura persica, 446, 461 

agilis, Agama, 66, 449, 461 

Agrophis, 475, 477, 479, 480, 497, 498, 504 

albonuchalis, 496, 504 

sarasinorum, 477, 479, 480, 494 

saravacensis, 479, 480, 497, 504 

Agrophis and Typhlogeophis (Serpentes: Co- 

lubridae), A Review of the Snakes of 

the Genus Pseudorabdion with Re- 

marks on the Status of the Genera, 

by Alan E. Leviton and Walter C. 

Brown, 475-508 

alameda fieldi, Haplotrema, 28, 44 

Haplotrema, 28, 30, 42 

alaskana, Hydrangea, 162 

alba, Calamaria, 483 

albirostris, Corythoichthys, 468 

albisquamis, Pandeleteius, 418, 419 

albonuchalis, Agrophis, 486, 504 

Geophis, 479, 480, 496, 504 
Pseudorabdion, 480, 481, 496, 497, 504 

Xylophis, 496 

albula, Coregonus, 540 

Alderinidae, 93 

Alecto major, 130 

aletes, Brachyistius, 277 

Alloclinus holderi, 277 

allyni, Ammonitella yatesii, 27, 44 

allyniana, Helminthoglypta, 26, 44 

Alnus, 160 

Alsophylax, 62, 459 

blanfordi, 62 

blanfordii, 62 

tuberculatus, 83, 447, 457, 461 

altipinnis, Chaetodon, 304 

altissima, Hydrangea, 201 

amagiana, Hydrangea, 204 

Amastigia, 102 

rudis, 102, 134 

ambigua, Calacadia, 578, 584, 585, 

614, 617 

Calacadia Clubiona, 577 

Clubiona, 618 

[621] 
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Mynthes, 617, 618 

Rubrius, 617 

Americanae, 166, 168 

Ammonitella yatesi, 39, 40 

yatesi allyni, 44 

yatesii, 27 

yatesii allyni, 27 

A Monograph of the Genus Hydrangea, by 

Elizabeth McClintock, 147-256 

Amphelikturus, 467, 470 

dendriticus, 469 

Amphibia, 50, 460 

Amphibians and Reptiles from Arabia, Some, 

by Georg Haas, 47-86 

Amphiblestrum patulum, 96 

Amphisbaenidae, 71 

Anarchopterus, 470 

(Anarchopterus) crinigerus, Micrognathus, 470 

Anasca, 88 

Ancomena, 29 

andinus, Rhoicinus, 581, 584, 587, 588, 590, 

595, 596, 597, 598, 599 

A New Fish, Chaetodon falcifer, from Gua- 

dalupe Island, Baja California, with 

Notes on Related Species, by Carl L. 

Hubbs and Andreas B. Rechnitzer, 

273-313 

Anguilla japonica, 540 

Anguinidae, 461 

Anguis miliaris, 454 

angustifolia, Hydrangea aspera, 193, 207 

angustipetala, Hydrangea, 207 

Anisochaetodon, 283 

anomala, Hydrangea, 150, 152, 156, 166, 186, 

196, 200, 201, 218 

anomala, Hydrangea, 197 

Hydrangea anomala, 197 

petiolaris, Hydrangea, 154, 155, 164, 199, 

201, 202 
anomalus, Caulolatilus princeps, 277 

antarcticus, Rubrius, 618 

antioguiensis, Hydrangea, 246, 247 

Antropora, 91 

tincta, 91, 134 

Aplysia, 573 

cervina, 569 

dactylomela, 569 

punctata, 556, 569, 574 

Aplysiella, 550 

[Proc. 4TH SER. 

apodus, Ophiosaurus, 461 

Apogon guadalupensis, 277 

Apogonidae, 277 

aporosceles, Eremias, 461 

arabica, Naja haie, 81 

Naja haje, 8l 

arabicus, Acanthodactylus cantoris, 73 

arabicus, Lytorhynchus diadema, 80 

arabicus, Phrynocephalus, 67 

Phrynocephalus, luteoguttatus-, 68 

arabicus, Stenodactylus, 56, 57 

Trigonodactylus, 51, 53, 57 

arborescens arborescens, Hydrangea, 164, 

169, 173, 176, 178 

australis, Hydrangea, 169 

Deamii, acarpa, Hydrangea, 171 

Deamii, Hydrangea, 171 

discolor, Hydrangea, 164, 169, 171, 174, 

176, 178, 180, 182 
grandiflora, Hydrangea, 164, 170 

Hydrangea, 149, 152, 156, 157, 158, 159, 

165, 166, 168, 169, 173, 174, 176, 
178, 180, 182, 184, 228 

Hydrangea arborescens, 164, 169, 

176, 178 
kanawhana, Hydrangea, 169 

radiata, Hydrangea, 153, 164, 169, 172, 

173, 174, 176, 178, 180, 182 

Arbostiana, Hydrangea, 206, 207 

Hydrangea Davidii, 207 

arctus, Syngnathus, 468 

A Review of the Snakes of the Genus Pseudo- 

rabdion with Remarks on the Status of 

the Genera Agrophis and Typhloge- 

ophis (Serpentes: Colubridae), by Alan 

E. Leviton and Walter C. Brown, 

475-508 

A Revision of the Species of Pandeleteius 

Schonherr and Pandeleteinus Cham- 

pion of America North of Mexico 

(Coleoptera: Curculionidae), by Anne 

T. Howden, 361-421 

argus, Panulirus, 17 

argyrostictus, Syngnathus, 468 

Syngnathus elucens, 469 

arietans, Bitis, 83 

Arius, 540 

arizonensis, Quercus, 398 

Artedius creaseri, 277 

Artemia salina, 518, 542 
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Arthropoma, 108 

cecili, 108, 109 

cecilii, 108 

cornuta, 108 

Articulata, 134 

Ascophora, 106 

Ashei, Hydrangea, 171 

asmussi, Uromastix, 461 

aspera angustifolia, Hydrangea, 193 

aspera, Hydrangea, 164, 180, 188, 190, 

196 

Hydrangea, 150, 151, 188, 190, 195, 196, 

218 

Hydrangea aspera, 164, 180, 188, 190, 

196 

longipes, Hydrangea, 194 

macrophylla, Hydrangea, 164, 193 

robusta, Hydrangea, 164, 188, 190, 194, 

196 

Sargentiana, Hydrangea, 164, 188, 190, 

195, 196 

scabra, Hydrangea, 190 

sinica, Hydrangea, 193 

strigosa, Hydrangea, 164, 180, 188, 193, 

196 

strigosior, Hydrangea, 190, 193 

typica, Hydrangea, 193 

velutina, Hydrangea, 190 

Asperae, 166, 180 

asterolasia, Hydrangea, 167, 184, 233, 234, 

236, 248 

Astraea, 423, 424, 425, 427, 435 
gradata, 438, 439 

petrothauma, 424, 425, 427, 434, 435, 436, 

437, 438 
rupicollina, 426, 427, 428, 429, 430, 432, 

435, 436, 437, 438, 439 
undosa, 424, 425, 427, 429, 433, 434, 435, 

436, 437, 438, 439 

(Uvanilla) rupicollina, 425 

A Study of Phylogenetic Relationships, from 

Pipefish to Seahorse, by Earl S. Herald, 

465-473 

Pseudorabdion, 

497, 504 

Typhlogeophis, 480, 486, 487 

Atherina hepsetus, 540 

Atherinidae, 277 

Atherinops affinis guadalupae, 277 

Atherinopsis californiensis, 277 

ater, 479, 480, 482, 486, 
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Atriplex canescens, 380, 382 

attenuatus, Pandeleteius, 366, 384, 385, 411, 

413 

auliscus, Syngnathus, 472 

auriculata cuspidata, Schizomavella, 111, 135 

auriga, Chaetodon, 298 

auritus, Lepomix, 512 

australis, Hydrangea arborescens, 169 

aviculifera, Cystisella, 119 

aya, Chaetodon, 274, 278, 280, 282, 284, 285, 

287, 288, 292, 298, 300, 303, 304, 305, 

307, 308 

Azisai, Hydrangea, 230 

Azurina hirundo, 277 

Balistidae, 277 

Bangi, Hydrangea, 246, 247 

bannwarthi, Ichthyocampus, 471 

Bathycalanus, 258, 260 

bradyi, 257, 260, 264 

princeps, 257, 260, 264 

richardi, 257, 260 

sverdrupi, 257, 258, 259, 261, 262 

Bathycalanus sverdrupi, n. sp., A Copepod 

Crustacean from Great Depths in the 

Pacific Ocean, by Martin W. Johnson, 

257-265 

Batrachyperus mustersi, 459, 460 

pinchoni, 459 

tibetanus, 459 

bedriagai, Teratoscincus, 447, 461 

Behavior and Reactions of the Pacific Sar- 

dine, Sardinops caerulea (Girard), 

Under the Influence of White and 

Colored Lights and Darkness, by Ana- 

tole S. Loukashkin and Norman Grant, 

509-548 

Belzonii, Hydrangea, 230 

bendirei, Hydrangea, 163 

biaperta, Eschara, 114 

Schizopodrella (Stephanosella), 110 

Schizoporella, 109, 114, 144 

Stephanosella, 109, 114 

Bibliography, Cartography, Discovery, and 

Exploration of the Isla Revillagigedo, 

by Adrian F. Richards and Bayard H. 

Brattstrom, 315-360 

bikiniensis, Ichthocampus, 471 

bilabiata, Eurystomella, 118 

Lepralia, 118 
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Bioga trigonata melanocephala, 457, 462 

Bitis arietans, 83 

blainvilleanus, Leptonotus, 469, 470 

blanfordi, Alsophylax, 62 

Leptotyphlops, 462 

blanfordii, Alsophylax, 62 

Bunopus, 62 

Boaedon lineatus, 83 

Bodianus diplotaenia, 277 

Boidae, 79 

Boiga trigonata, 457, 458, 459 

Bombonia, 467, 470, 471 

luzonica, 470 

spicifer djarong, 469 

borealis, Cellaria, 97 

Microporina, 97, 134 

Microporina (Salicornaria), 97 

Salicornaria, 97 

boskianus, Acanthodactylus, 83 

Box salpa, 540 

Brachiostegidae, 277 

brachycephalus, Corythoichthys, 468 

Brachyistius aletes, 277 

brachyorrhos, Calamaria, 483 

Brachyurus, 540 

bracteata, Hydrangea, 199, 201 

Bradycalanus gigas, 257, 260 

typicus, 257 

Brattstrom, Bayard H., see 

Adrian F. 

Bretschneideri Giraldii, Hydrangea, 215 

Hydrangea, 164, 215, 216, 217, 219 

lancifolia, Hydrangea, 215, 218 

setchuenensis, Hydrangea, 215 

brevipes, Ophiomorus, 461 

brevirostris, Eremias, 73, 84 

Mesalina, 73 

Micrognathus, 470 

Micrognathus vittatus, 469 

Richards, 

microlepis, Eremias, 73 

brevis, Typhlogeophis, 477, 478, 480, 487, 

488, 504 

Briquetii, Hydrangea, 243 

brongniartii, Phyllaplysia, 551 

Brotulidae, 277 

Brown, Walter C., see Leviton, Alan E. 

brunnea, Cellepora, 127, 128 

Holoporella, 127, 128, 135 

bryanti, Pandeleteius, 414, 416, 417 

Bryozoa, 88 

[Proc. 4TH Ser. 

Bryozoa from the Pleistocene of Southern 

California, Fossil, by John D. Soule 

and Mary Marsh Duff, 87-146 

Bryx, 467, 468, 473 

buchanani, Pandeleteius, 366, 383, 385, 389, 

392, 393, 400 

Bufo, 50 

dhufarensis, 50 

pentoni, 50 

viridis, 459, 460 

Bufonidae, 50, 460 

Bulbonaricus, 471 

Bumelia lanuginosa, 387 

Bunopus blanfordii, 62 

tuberculatus, 447 

Biirgeri, Hydrangea, 230 

Caberea rudis, 102 

caelatum, Haplotrema, 29 

caerula, Hydrangea japonica, 229 

Sardinops, 509, 510, 541 

Calaeadia, 577, 578, 579, 580, 582, 585, 601, 

602, 617, 618 
ambigua, 578, 584, 585, 602, 608, 614, 617 

chilensis, 579, 583, 584, 585, 601, 602, 

607, 608, 609, 611, 612, 613, 614, 

615 

Clubiona ambigua, 577 

coquimbensis, 583, 584, 585, 602, 607, 

609, 611, 613, 614 

dentifera, 577, 584, 585, 601, 608, 612, 

613, 614, 617 
osorno, 583, 584, 585, 601, 602, 611, 614, 

615, 617 

radulifera, 578, 584, 585, 602, 608, 613, 

614, 618 

rossi, 583, 584, 585, 602, 611, 612, 613, 

614, 616, 617 

Calamaria alba, 483 

brachyorrhos, 483 

longiceps, 477, 478, 480, 481 

California Spiny Lobster, Panulirus inter- 

(Randall), with Notes on 

Panulirus gracilis Streets, The Larval 

Development of the, by Martin W. 

Johnson, 1-19 

californica, Diaperoecia, 131 

Hydrangea, 162 

Idmonea, 131 

Lapralia, 116 

ruptus 
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Macrarene, 443 

Microporella, 116 

Microporella ciliata, 116 

Mucronella, 122 

Oxyjulis, 277 

Parasmittina, 122, 135 

Thalamoporella, 98, 99, 134 

INDEX 

(californica), Thalamoporella Rozieri, 99 

californicus, Conus, 574 

Cypselurus, 277 

californiensis, Atherinopsis, 277 

Cellepora, 117 

Medialuna, 277 

Smittina, 122 

Syngnathus, 472 

Callopora, 93 

circumclathrata, 93 

corniculifera, 94. 

tenuirostris, 95 

Calyptranthe, 166, 196 

calyptratus, Chamaeleo, 79 

Camaenidae, 27 

canescens, Atriplex, 380, 382 

cantoris, Acanthodactylus, 72, 451, 461 

Acanthodactylus cantoris, 451, 452, 458 

arabicus, Acanthodactylus, 73 

cantoris, Acanthodactylus, 451, 452, 458 

schmidti, Acanthodactylus, 72 

Carangidae, 277 

Caranx, 540 

carce, Syngnathus, 471 

Cardiandra, 156 

carinata, Pseudoboa, 458 

carinatus, Echis, 84, 458, 462 

Syngnathus, 473 

Caroliniana, Flora, 149 

Carpinus, 160 

carteri carteri, Pristurus, 63 

Pristurus carteri, 63 

Spatalura, 63 

tuberculatus, Pristurus, 63, 64. 

caucasica, Agama, 461 

Caudata, 460 

Caulolatilus princeps anomalus, 277 

Cauloramphus, 92 

porosus, 92 

spiniferum, 92 

triangularis, 94 

Cauloramphys spinifer, 92 

Ceanothus, 406 

cecili, Arthropoma, 108, 109 

Flustra, 108 

Schizoporella, 108 

cecilii, Arthropoma, 108 

Schizoporella, 108 

Cellaria, 100 

borealis, 97 

diffusa, 101 

fissurifera, 101 

mandibulata, 100 

Cellariidae, 100 

Cellepora brunnea, 127, 128 

californiensis, 117 

costazi, 128, 129 

costazil, 128, 129 

edax, 113 

hyalina, 106 

malusil, 117 

minuta, 113 

(Cellepora) costazzii, Costizzia, 128 

Celleporidae, 127 

Cellularia cervicornis, 103 

Cellularina, 102 

Ceramodactylus, 55, 58, 59 

major, 56, 58, 59 

Cerastes, 82 

cerastes, 82 

cerastes, Cerastes, 82 

cervicornis, Cellularia, 103 

Scrupocellaria, 103 

cervina, Aplysia, 569 

Chaedontops, 300 

Chaetodon falcifer, from Guadalupe Island, 

Baja California, with Notes on Re- 

lated Species, A New Fish, by Carl L. 

Hubbs and Andreas B. Rechnitzer, 

273-313 

Chaetodon, 277, 278, 279, 282, 284, 285, 296, 

297, 298, 300, 305, 308 

altipinnis, 304 

caspia, Clupeonella delicatula, 540 

caspica, Clemmys, 50 

Clemmys caspica, 50 

Testudo, 50 

caspius, Gymnodactylus, 461 

Castanea, 406 

dentata, 406 

pumila, 406 

caucana, Hydrangea, 239, 240 auriga, 298 
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aya, 274; 278, 280, 282, 284, 285, 287, 

2 292, 298, 300, 303, 304, 305, 

307, 308 

falecifer, 275, 277, 278, 279, 280, 281, 

282, 283, 284, 285, 294, 297, 298, 

300, 303, 304, 305, 307, 308 

humeralis, 278, 279, 295, 307 

marcellae, 275, 278, 280, 284, 300, 304, 

305, 308 

milaris, 298 

nigrirostris, 274, 279, 297, 308 

ocellatus, 302 

(Oxychaetodon) marcellae, 304 

Sanctae Helenae, 283 

triangulum, 298 

Chaetodontops, 300, 304 

Chamaeleo, 79 

calyptratus, 79 

Chamaeleonidae, 79 

Chaperia galeata, 96 

Chapperia, 96 

patula, 96 

Charax puntazzo, 540 

Chatoessus, 540 

Cheiloporinidae, 126 

Cheilostomata, 88 

Chelmo pelta, 304 

Chelmon, 283, 304, 308, 309 

aculeatus, 304, 307 

Chelmonops, 304, 308, 309 

Chelonia, 50, 462 

chersinella, Pristiloma, 30, 44 

chilensis, Calacadia, 579, 583, 584, 585, 601, 

602, 607, 608, 609, 611, 612, 613, 614, 

615 

chilensis, Hydrangea, 150, 206, 207, 208, 210, 

214 

Hydrangea scandens, 154, 190, 205, 206, 

209, 210, 214 

chloroleuca, Hydrangea, 207 

Chromis punctipinnis, 277 

chrysozonus, Coradion, 299 

Chungii, Hydrangea, 225, 226 

Hydrangea macrophylla, 221, 225, 226 

ciliata, Eschara, 114 

californica, Microporella, 116 

Microporella, 114, 115 

cinctus, Syngnathus, 471 

cinerea, Hydrangea, 159, 164, 171, 172 

cinereus, Pandeleteius, 366, 375, 381, 383, 384, 

[Proc. 4TH Ser. 

386, 388, 389, 393, 406 

Pandeletejus, 386 

circumcarinata, Monadenia, 25, 26, 43 

circumclathrata, Callopora, 93 

Membranipora, 93 

cirrhifer, Monocanthus, 540 

clarki, Filisparsa, 131, 135 

clathratus, Paralabrax, 277, 513 

Clemmys, 50 

caspica caspica, 50 

Clinidae, 277 

Clubiona ambigua, 617, 618 

ambigua, Calacadia, 577 

Clupea harengus, 510, 538 

Clupeonella delicatula caspia, 540 

coccineus, Syngnathus, 468 

Coelotes subfasciatus, 618 

Coilostega, 97 

Collestosia, 105 

radiata, 105 

collifera, Parasmittina, 122, 123, 135 

Porella, 120, 123 

Smittia, 122, 123 

Smittina, 123 

colorata, Echis, 83 

coloratus, Echis, 83 

Coluber, 79 

cerastes, 82 

karelini, 454, 455, 456, 462 

moilensis, 80 

raverigieri, 462 

rhodorachis, 83, 455, 456, 462 

schokari, 457 

(Tyria) karelini, 454 

ventromaculatus, 79, 455, 456, 462 

Colubridae, 454, 462 

commensale, Conopeum, 91, 134 

Condalia lycioides, 380, 382 

conformis, Hydrangea nivea, 172 

Conopeum, 91 

commensale, 91, 134 

Conus californicus, 574 

Copidozoum, 94 

tenuirostre, 94, 95 

coquimbensis, Calacadia, 583, 584, 585, 602, 

607, 609, 611, 613, 614 

Coradion chrysozonus, 299 

melanopus, 299 

cordifolia, Hydrangea, 199 

Coregonus albula, 540 
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corniculifera, Callopora, 94. 

Hincksina (Membranipora), 94 

Membranipora, 94 

Cornidia, 149, 150, 152, 165, 167, 231 

integerrima, 245, 246 

peruviana, 239 

radiata, 237, 238 

serratifolia, 245, 246 

umbellata, 149, 231, 242, 243 

coronadensis, Macrarena, 439, 440, 442, 443 

cornuta, Arthropoma, 108 

Reptescharellina, 109 

Schizoporella, 109, 110 

(Corynadenia) hillebrandi mariposa, Mona- 

denia, 24. 

Monadenia hillebrandi, 22 

tuolumneana, Monadenia, 24, 25, 42, 43 

Corythoichthys, 467, 468, 471 

albirostris, 468 

brachycephalus, 468 

flavofasciatus, 468 

intestinalis, 468 

nigripectus, 468 

ocellatus, 468 

schultzi, 468 

costatum, Haplotrema, 22, 28, 29, 45 

costazi, Cellepora, 128, 129 

Costazia, 128 

Costazia, 128 

costazi, 128 

robertsonae, 129 

costazii, Cellepora, 128, 129 

Costazzia, 129 

Costazzia costazii, 129 

(Cellepora) costazzii, 128 

(?) Costazzia costazzii, 128 

costazzil, (?) Costazzia, 128 

Costazzia (Cellepora), 128 

Cottidae, 277 

Crassimarginatella tincta, 91 

Crataegus, 153 

Crus-galli, 153 

creaserl, Artedius, 277 

Cribrilina radiata, 105 

radiata radiata, 105 

Cribrilinidae, 104 

Cribromorpha, 104 

crinigerus, Micrognathus (Anarchopterus), 

470 

Crisia, 134 

INDEX 627 

pacifica, 134 

serrata, 134 

serrulata, 134 

Crisiidae, 134 

Crossobamon, 459 

eversmanni, 461 

Crus-galli, Crataegus, 153 

cuneatifolia, Hydrangea, 236, 237 

Cupularia canariensis, 99 

robertsoniae, 99 

umbellata, 99 

Curculio hilaris, 404 

cuspidata, Hydrangea, 222 

Schizomavella auriculata, L11, 135 

cuspidatum, Viburnum, 222 

cyanea, Adamia, 201 

cyanema, Hydrangea, 223, 224 

cyanocinctus, Hydrophis, 82 

cyanoclada, Hydrangea opuloides, 231 

cyanogaster, Agama, 83 

cyanospilus, Syngnathus, 470 

Cybaeus, 584 

Cybium niphonium, 540 

Cyclostomata, 130 

cypreophila, Helminthoglypta, 21, 26, 38, 39, 

40, 41, 42, 43 
Cypselurus californicus, 277 

Cystisella aviculifera, 119 

dactylomela, Aplysia, 569 

dalli, Lythrypnus, 277 

Dasypeltis scabra, 83 

Davidii Arbostiana, Hydrangea, 207 

Hydrangea, 206 

Deamii acarpa, Hydrangea arborescens, 171 

defectus, Pandeleteius, 363, 364, 366, 382, 384, 

385, 407, 408, 409, 410, 411 

delicatula caspia, Clupeonella, 540 

dendriticus, Amphelikturus, 469, 470 

dentata, Castanea, 406 

denticulata, Membranipora, 89 

? denticulata, Membranipora, 91 

dentifer, Mynthes, 577, 617 

Rubrius, 618 

dentifera, Calacadia, 577, 584, 585, 601, 608, 

612,613, 614, 617 

dentipes, Pandeleteius, 366, 384, 385, 

407, 408 

depressa, Phyllaplysia, 551 

depressus, Pandeleteius, 414, 416 

406, 
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deserti, Scincus, 76, 77 

dhara, Telescopus, 83 

dhufarensis, Bufo, 50 

diadema arabicus, Lytorhynchus, 80 

diadema, Lytorhynchus, 80 

Lytorhynchus diadema, 80 

Sphaerosophis, 462 

diagrammus, Eutyx, 277 

Diaperoecia, 131 

californica, 131 

major, 130 

Diaperoeciidae, 131 

Dichroa, 201 

diffusa, Cellaria, 101 

Cellularia, 101 

Diplometopon, 71, 83 

zarudnyi, 71 

diplostemona, Hydrangea, 155, 167, 184, 233, 

234, 241 

Gilibertia, 241, 242, 244 

diplotaenia, Bodianus, 277 

Dipsadomorphus trigonata melanocephalus, 

457 li 
discolor, Hydrangea arborescens, 164, 169, 

171, 173, 174, 176, 178, 180, 182 

Discopora trispinosa, 121 

Discoporella, 99 

umbellata, 99, 100 

Distribution of Wood-Boring Limnoria in 

California, The, by Robert J. Menzies, 

267-272 

djarong, Bombonia spicifer, 469 

Syngnathus, 470 

Dolomedes, 586, 597 

dorsalis, Seriola, 277 

Doryrhamphinae, 466, 467 

Duff, Mary Marsh, see Soule, John D. 

dumicola, Hydrangea, 215 

dunckeri, Syngnathus, 468 

durifolia, Hydrangea, 237, 238 

Echis, 83, 459 

carinata, 458, 462 

carinatus, 84, 458 

colorata, 83 

coloratus, 83 

Ectoprocta, 88 

ecuadorensis, Hydrangea, 243 

edax, Cellepora, 113 

Hippoporidra, 113, 135 

[Proc. 4TH SER. 

Elapidae, 462 

elcapitanensis, Pseudophallus, 473 

elegans erroli, Gibbonsia, 277 

elegans, Eryx, 454, 459, 462 

Stenodactylus, 54, 56 

elucens argyrostictus, Syngnathus, 469 

Syngnathus, 468 

elytroplanatus, Pandeleteinus, 364, 366, 368, 

378, 381, 382 

Embiotocidae, 277 

Emeces schneideri, 461 

emoryi, Quervus, 413 

Emydidae, 50 

Endodontidae, 33 

engeli, Phyllaplysia, 551, 569 

Entalophora punctulata, 126 

epithytica, Hydrangea, 233, 234 

Equula, 540 

erecta, Lagenipora, 127 

Eremias, 73, 459 

acutirostris, 461 

adramitana, 74 

aporosceles, 461 

brevirostris, 73, 84 

brevirostris microlepis, 73 

fasciata, 425, 461 

grammica, 461 

euttulata, 83, 84, 453 

guttulata guttulata, 73 

guttulata watsonana, 461, 462 

lineolata, 461 

persica, 453 

regeli, 461 

scripta, 461 

velox persica, 453, 461 

erroli, Gibbonsia elegans, 277 

erythrophthalmus, Scardinius, 538 

Eryx, 79, 454, 459 

elegans, 454, 459, 462 

jaculus miliaris, 454, 462 

jayakari, 79 

johni, 454 

tataricus, 454, 462 

Eschara biaperta, 114 

ciliata, 114 

radiata, 105 

Eublepharus macularis, 461 

Euhydrangea, 168, 180, 202, 211, 220, 221 

Eumeces, 74 

scutatus, 75 
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taeniolatus, 74, 75, 83, 461 

Eurystomella, 118 

bilabiata, 118 

Eurystomellidae, 118 

Eutyx diagrammus, 277 

eversmanni, Crossobamon, 461 

Exline, Harriet, Rhoicinine Spiders (Pisauri- 

dae) of Western South America, 577— 
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Exocoetidae, 277 

Exploration of the Isla Revillagigedo, Bibli- 

ography, Cartography, Discovery, and, 

by Adrian F. Richards and Bayard H. 

Brattstrom, 315-460 

Fagus, 160 

faleifer, Chaetodon, 275, 277, 278, 279, 280, 

281, 282, 283, 284, 285, 294, 297, 298, 

300, 303, 304, 305, 307, 308 

farallonensis, Macrarene, 443 

fasciata, Eremias, 4.25, 461 

fasciatus, Oplegnathus, 540 

fasciculifera, Tubulipora, 133 

Tubulipora tuba, 133 

fedtschenkoi, Gymnodactylus, 461 

feegeensis, Hippopodina, 107, 108, 135 

feegensis, Lepralia, 107 

Fenestrulina, 117 

malusi, 117 

malussi umbonata, 117 

ferrissii, Helminthoglypta, 27, 44 

Festucalex, 471 

runa, 471 

fieldi, Haplotrema alameda, 28, 44 

Pseudocerastes, 82 

Filisparsa, 131 

clarki, 131, 135 

filum, Ichthyocampus, 471 

fimbriata, Hydrangea, 218 

Hydrangea vestita, 190 

fimbriatus salmonensis, Helicodiscus, 34 

fissurifera, Cellaria, 101 

flavescens, Gobius, 538 

Phoradendron, 387 

lavissimus, Forcipiger, 283 

flavofasciatus, Corythoichthys, 468 

Flora Caroliniana, 149 

Japonica, 149, 150, 199 

Virginica, 149 

floridae, Syngnathus, 472, 473 

INDEX 

Flustra cecili, 108 

savarti, 90 

spinifera, 92 

techuelcha, 89 

tuberculata, 88 

Forcipiger, 280, 283, 285, 300, 305, 

flavissimus, 283 

longirostris, 280, 283, 299, 308 

formosana, Hydrangea, 207 

forsteni, Rabdion, 477 

Fossil Bryozoa from the Pleistocene of South- 

ern California, by John D. Soule and 

Mary Marsh Duff, 87-146 

fraseri, Acanthodactylus, 72, 83 

fraxinifolia, Hydrangea, 162 

From Pipefish to Seahorse—A Study of Phy- 

logenetic Relationships, by Earl S. 

Herald, 465-473 

fulvescens, Hydrangea, 190 

308, 309 

gabrielinum, Pristiloma, 29, 30, 44 

galeata, Chaperia, 96 

Gambelii, Quercus, 410 

gasperettii, Scincus, 75, 77 

Gastropods, Two New Species of West North 

American Marine, by Rudolf Stohler, 

423-444 

gaujoni, Rhoicinus, 577, 578, 579, 584, 586, 

987, 588, 590, 593, 598 
Gavia immer, 539 

Gekkonidae, 446, 461 

Gekkoniidae, 51 

Geophis albonuchalis, 479, 480, 496, 504 

Gibbonsia elegans erroli, 277 

norae, 277 

gigas, Bathycalanus, 257, 260 

Gilibertia diplostemona, 241, 242, 244 

Giraldii, Hydrangea, 215 

Hydrangea Bretschneideri, 215 

Girella nigricans, 277 

Girellidae, 277 

glabra, Hydrangea, 199 

glabrifolia, Hydrangea, 207 

glabripes, Hydrangea, 192 

glandulosa, Hydrangea, 236, 237 

Gobiidae, 277 

Gobius flavescens, 538 

Gomphosus, 308 

Gonochaetodon, 283, 298 

gorgonensis, Hippoporella, 112, 135 
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gothica, Membranipora, 98 

Steganoporella Rozieri, 98 

Goudotii, Hydrangea, 237, 238 

gracilis, Panulirus, 3, 4, 8, 12, 17, 18 

gradata, Astraea, 438, 439 

grandicella, Hemiseptella, 89 

grandiflora, Hydrangea arborescens, 164, 170 

Grant, Norman, see Loukashkin, Anatole S. 

grayanus, Ablepharus, 461 

grex, Pneumatophorus, 510, 538 

Griffithii, Hydrangea robusta, 194 

griseus, Tupinambis, 70, 453 

Varanus, 70, 84, 453, 461 

grossiserrata, Hydrangea, 208 

guadalupae, Atherinops affinis, 277 

Scorpaena guttata, 277 

guadalupensis, Apogon, 277 

Heterostichus rostratus, 277 

guttata guadalupae, Scorpaena, 277 

guttulata, Eremias, 83, 84, 453 

Eremias guttulata, 73 

guttulata, Eremias, 73 

Lacerta, 73 

watsonana, Eremias, 452, 461 

Gymnodactylus, 63 

caspius, 461 

fedtschenkoi, 461 

persicus, 446 

scaber, 63, 461 

stoliczkai, 446 

Gymnolaemata, 88 

Haas, Georg, Some Amphibians and Reptiles 

from Arabia, 47-86 

Hadromeropsis, 363, 383, 419 

opalinus, 219, 382, 419 

Hadromerus hilaris, 404 

haie arabica, Naja, 81 

haje arabica, Naja, 81 

Naja, 83 

Halicampus, 470 

Halichoeres semicinctus, 277 

Haliichthys, 470, 471 

Haplotrema, 28 

alameda, 28, 39, 42 

alameda fieldi, 28, 44 

caelatum, 29 

costatum, 22, 28, 29, 45 

sportella, 29 

voyanum, 29 

[Proc. 4rH Serr. 

Haplotrematidae, 28 

hardyi, Acanthodactylus scutellatus, 72 

harengus, Clupea, 510, 538 

hasselquisti, Ptyodactylus, 64 

hasselquistii, Lacerta, 64 

Helenae, Chaetodon Sanctae, 283 

Heliodiscus, 33, 34 

fimbriatus salmonensis, 34 

lineatus, 34, 37 

salmonaceus, 34. 

Helix, 569 

Helminthoglypta allyniana, 26, 44 

cypreophila, 21, 26, 38, 39, 40, 41, 42, 43 
ferrissi, 27, 44 

proles, 27, 38 

proles mariposa, 27 

tularensis, 26, 45 

Helminthoglyptidae, 22 

Hemidactylus, 64 

persicus, 64, 83 

Hemiramphus, 540 

Hemiseptella grandicella, 89 

Hemitaurichthys, 283, 298 

hemprichi, Scincus, 83 

Hemsleyana, Hydrangea, 194 

lanceolata, Hydrangea, 193 

Heniochus, 279, 280, 283, 284, 285, 297, 298, 

299, 300, 305, 308, 309 

nigrirostris, 279, 283, 284, 296, 297, 298, 

299, 300, 308 

henryi, Pandeleteius, 364, 366, 385, 398, 401 

hepsetus, Atherina, 540 

Herald, Earl S., From Pipefish to Seahorse— 

A Study of Phylogenetic Relationships, 

465-473 

heteromalla, Hydrangea, 150, 151, 154, 164, 

166, 186, 210, 213, 214, 217, 218, 219 

mollis, Hydrangea, 215 

parviflora, Hydrangea, 215 

Heteromallae, 166, 211 

Heterostichus rostratus guadalupensis, 277 

hilaris, Curculio, 404 

Hadromerus, 404 

Pandeleteius, 363, 366, 382, 384, 385, 389, 

404, 405, 406, 407, 408, 409, 410, 

411, 412, 414 

hillebrandi mariposa, Monadenia, 22, 25, 27, 

44 

mariposa, Monadenia (Corynadenia), 

24 
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Monadenia, 24, 25, 26, 27, 44 

Monadenia (Corynadenia), 22 

yosemitensis, Monadenia, 25 

Hincksina (Membranipora) corniculifera, 94 

Hippocampinae, 466, 467 

Hippocampus, 465, 466, 467, 469, 470, 471, 

473 

Hippodiplosia, 111 

insculpta, L11, 112, 135 

Hippopodina, 107 

feegeensis, 107, 108, 134 

Hippopodinella, 126 

adpressa, 126, 135 

Hippoporella, 112 

gorgonensis, 112, 135 

Hippoporidra, 113 

edax, 113, 135 

Hippoporinidae, 112 

Hippothoa, 106 

hyalina, 106, 107 

hyalina rugosa, 106 

Hippothoidae, 106 

hirta, Hydrangea, 150, 158, 166, 190, 202, 203 

hirtipes, Pandeleteius, 398 

hirtum, Viburnum, 202 

hirundo, Azurina, 277 

holderi, Alloclinus, 277 

Holoporella, 127 

brunnea, 127, 128, 135 

horsfieldi, Testudo, 462 

Hortensia, 150, 165 

Hydrangea, 164, 228 

Hydrangea opuloides, 231 

japonica, 228 

macrosepala, Hydrangea opuloides, 231 

mutabilis, 228 

opuloides, 149, 164, 228 

speciosa, 228 

Hortensiella, 150, 158 

hortensis, Hydrangea, 149, 164, 228, 229 

hortentiolaris, Hydrangea, 158 

Howden, Anne T., A Revision of the Species 

of Pandeleteius Schonherr and Pande- 

leteinus Champion of America North 

of Mexico (Coleoptera: Curculionidae), 

361-421 

Hubbs, Carl L. and Andreas B. Rechnitzer, a 

New Fish Chaetodon 

Guadalupe Island, Baja California, 

with Notes on Related Species, 273-313 

falcifer, from 

INDEX 631 

humeralis, Chaetodon, 278, 279, 295, 307 

Hyalina, 37 

Cellepora, 106 

Hippothoa, 106, 107 

rugosa, Hippothoa, 106 

Schizoporella, 106 

Hydrangea, 147, 149, 150, 151, 152, 153, 154, 

156, 157, 158, 159, 160, 161, 162, 163, 
164, 165, 166, 168, 174, 180, 184, 186, 

19D; 1965 2022 e214 2205 22 227 

228, 232, 244 

acuminata, 227, 2 bo \o 

alaskana, 162 

altissima, 201 

amagiana, 204 

Hydrangea, A Monograph of the Genus, by 

Elizabeth McClintock, 147-256 

Hydrangea angustifolia, 207 

angustisepala, 207 

anomala, 150, 152, 156, 166, 186, 196, 

200, 201, 218 
anomala anomala, 197 

anomala petiolaris, 154, 155, 164, 199, 

201, 202 

antioquiensis, 246, 247 

arborescens, 149, 152, 156, 157, 158, 159, 

165, 166, 168, 169, 173, 174, 176, 
178, 180, 182, 184, 228 

arborescens arborescens, 164, 169, 173, 

176, 178 
arborescens australis, 169 

arborescens Deamii, 171 

arborescens Deamii acarpa, 171 

arborescens discolor, 164, 169, 171, 174, 

176, 178, 180, 182 
arborescens grandiflora, 164, 170 

arborescens kanawhana, 169 

arborescens radiata, 153, 164, 169, 172, 

L734 1740176, 178, 1809482 
arborescens vulgaris, 169 

Arbostiana, 206, 207 

Ashei, 171 

aspera, 150, 151, 166, 188, 190, 192, 195, 

196, 218 
aspera angustifolia, 193 

aspera aspera, 164, 180, 188, 190, 196 

aspera longipes, 194 

aspera macrophylla, 164, 193 

aspera protonyma, 196 
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aspera robusta, 164, 188, 190, 194, 196 

aspera Sargentiana, 164, 188, 190, 195, 

196 

aspera scabra, 190 

aspera sinica, 193 

aspera strigosa, 164, 180, 188, 193, 196 

aspera strigosior, 190, 193 

aspera typica, 193 

aspera velutina, 190 

asterolasia, 167, 184, 233, 234, 236, 248 

Azisai, 230 

Bangii, 246, 247 

Belzonii, 230 

bendirei, 163 

bracteata, 199, 201 

Bretschneideri, 164, 215, 216, 217, 219 

Bretschneideri Giraldii, 215 

Bretschneideri lancifolia, 215, 218 

Bretschneideri setchuenensis, 215 

Briquetii, 243 

Burgeri, 230 

californica, 162 

caucana, 239, 240 

chinensis, 150, 206, 207, 208, 210, 214 

chloroleuca, 207 

Chungii, 225, 226 

cinerea, 159, 164, 171, 172 

cordifolia, 199 

cuneatifolia, 236, 237 

cuspidata, 222 

cyanema, 223, 224 

Davidii, 206 

Davidii Arbostiana, 207 

diplostemona, 155, 167, 184, 233, 234, 241 

dumicola, 215 

durifolia, 237, 238 

ecuadorensis, 243 

epiphytica, 233, 234 

fimbriata, 218 

formosana, 207 

fraxinifolia, 162 

fulvescens, 190 

Giraldii, 215 

glabra, 199 

glabrifolia, 207 

glabripes, 192 

glandulosa, 236, 237 

Goudotii, 237, 238 

grossiserrata, 208 

Hemsleyana, 194 

[Proc. 4TH SER. 

Hemsleyana lanceolata, 193 

heteromalla, 150, 151, 154, 164, 166, 186, 

210, 213, 214, 217, 218, 219 

heteromalla mollis, 215 

heteromalla parviflora, 215 

hirta, 150, 158, 166, 190, 202, 203, 204 

Hortensia, 164, 228, 230 

hortensis, 149, 164, 228, 229 

hortentiolaris, 158 

hypoglauca, 215 

indochinensis, 223 

inornata, 241, 242 

integerrima, 164, 245 

integra, 236 

integrifolia, 160, 167, 184, 231, 236, 237 

involucrata, 164, 166, 168, 182, 184, 186, 

188 

japonica, 227, 228, 229 

japonica caerulea, 229 

japonica rosalba, 230 

Jelskii, 167, 234, 236, 247, 248 

Kamienskil, 211 

Kawagoeana, 207 

Kawakamii, 190, 192 

khasiana, 215, 219 

kwangsiensis, 223, 224 

kwangtungensis, 210, 211, 223, 224 

Lehmannii, 239, 240 

Lindleyana, 231 

liukiuensis, 206 

Lobbii, 206, 210 

longifolia, 184, 186 

longipes, 164, 194 

longipes lanceolata, 190, 193 

luteo-venosa, 206 

macrocarpa, 215 

macrocephala, 231 

macrophylla, 147, 151, 156, 157, 159, 164, 

166, 215, 221, 225,226; 2284280) 

231 

macrophylla Chungii, 221, 225, 226 

macrophylla macrophylla, 149, 190, 220, 

221, 226, 227, 2285229) 280%23) 

macrophylla macrophylla macrophylla, 

164 

macrophylla macrophylla normalis, 164 

macrophylla normalis, 222, 226, 227 

macrophylla normalis rosea, 229 

macrophylla Otaksa, 157 

macrophylla rosea, 158 
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macrophylla serrata, 164, 190, 220, 221, 

2229226; 227 228, 2290280 

macrophylla stylosa, 221, 223, 225, 226 

macrosepala, 207 

mandarinorum, 215 

mandschurica, 231 

maritima, 222, 227 

Mathewsii, 167, 184, 234, 236, 248 

Maximowiczii, 194 

nigra, 231 

nivea, 172 

nivea conformis, 172 

oblongifolia, 150, 190 

obovatitolia, 207 

Oerstedii, 155, 156, 167, 232, 233, 234, 
237, 239, 241, 242, 246 

opuloides, 150, 151, 164 

opuloides cyanoclada, 231 

opuloides Hortensia, 231 

opuloides Hortensia macrosepala, 231 

Otaksa, 230, 231 

panamensis, 239, 240 

paniculata, 151, 153, 154, 156, 159, 164, 

166, 186, 211, 212, 213, 214, 217 

paniculata grandiflora, 164 

peckinensis, 215, 219 

peruviana, 150, 167, 184, 232, 233, 234, 

239, 241, 243 

petiolaris, 158, 159, 164, 197, 199 

platyphylla, 237, 238 

Pottingeri, 206 

Preslii, 149, 150, 167, 184, 231, 232, 233, 

234, 242, 243 
pubescens, 219 

pubinervis, 215 

pubiramea, 207 

pubiramea parvifolia, 207 

quercifolia, 149, 152, 153, 156, 164, 166, 

174, 176, 180, 182, 184 
radiata, 149, 159, 172, 176, 237 

Rehderiana, 192 

reticulata, 163 

robusta, 194 

robusta Griffithii, 194 

Rosthornii, 194 

russellii, 162 

sachalinensis, 211 

Sargentiana, 164, 195 

scandens, 150, 151, 158, 164, 166, 199, 

201, 204, 205, 211, 245, 246 
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scandens chinensis, 154, 190, 205, 206, 

209, 210, 214 

scandens kwangtungensis, 205, 210, 211 

scandens liukiuensis, 190, 203, 205, 206 

scandens scandens, 203, 204, 205, 206, 

230 

Schindleri, 211, 214 

Schlimii, 237, 238 

Seemannii, 166, 232, 237 

serrata, 164, 222, 226 

serratifolia, 150, 155, 164, 168, 184, 234, 

239, 245, 246, 247, 248 

Sieboldii, 231 

sikokiana, 166, 182, 186, 188 

sinensis, 231 

Sitsitan, 229 

Sprucei, 241, 242 

stellata, 230 

stenophylla, 208 

Steyermarkii, 167, 244 

strigosa, 164, 193, 196 

strigosa macrophylla, 193 

stylosa, 223, 224, 226 

subferruginea, 207 

subintegra, 207 

sungpanensis, 216 

tarapotensis, 155, 167, 184, 234, 246, 

247, 248 

taroensis, 223 

Thunbergil, 227, 229 

tilaefolia, 199 

Trianae, 239, 240 

umbellata, 154, 207, 243 

vestita, 164, 215, 216, 218, 219 

vestita fimbriata, 190, 218 

vestita pubescens, 215, 219 

villosa, 164, 192 

villosa Mairei, 193 

villosa sterilis, 193 

virens, 150, 158, 205, 206 

vulgaris, 169 

Weberbaueri, 239, 241 

xanthoneura, 159, 164, 215, 216, 217, 218 

xanthoneura setchuenensis, 215 

xanthoneura Wilsonii, 215, 218 

yayeyamensis, 207 

yesoensis, 222 

yunnanensis, 207 

hydrangeoides, Schizophragma, 164 
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Hydrophis, 82 

cyanocinctus, 82 

Hydrophiidae, 82 

Hynobiidae, 460 

hypoglauca, Hydrangea, 215 

hypoleucoides, Quercus, 403 

Ichthyocampus, 467, 470, 471, 473 

bannwarthi, 471 

bikiniensis, 471 

filum, 471 

pawnei, 471 

pictus, 471 

Idmonea californica, 131 

immer, Gavia, 539 

inarmata, Schizoporella linearis, 110, 135 

indochinensis, Hydrangea, 223 

inflatus, Panulirus, 3 

innominata, Puellina, 105 

inornata, Hydrangea, 241, 242 

Inovicellata, 88 

insculpta, Hippodiplosia, 111, 112, 135 

Schizoporella, 111, 112 

integerrima, Cornidia, 245, 246 

Hydrangea, 164, 245 

integra, Hydrangea, 236 

integrifolia, Hydrangea, 160, 167, 184, 231, 

236, 237 

interruptus, Panulirus, 1, 2, 3, 4, 6, 8, 10, 

2 4S 16, 175 18 

interscapularis, Phrynocephalus, 461 

intestinalis, Corythoichthys, 468 

involucrata, Hydrangea, 164, 166, 168, 182, 

184, 186, 188 

Isla Revillagigedo, Bibliography, Cartography, 

Discover, and Exploration of the, by 

Adrian F. Richards and Bayard H. 

Brattstrom, 315-460 

Isodacrys, 364 

isolepis, Agama, 449 

jaculus miliaris, Eryx, 454, 462 

japonica, Anguilla, 540 

caerulea, Hydrangea, 229 

Flora, 149, 150, 199 

Hortensia, 228 

Hydrangea, 227, 228, 229 

rosalba, Hydrangea, 230 

Sphyraena, 540 

Japonico-sinensis, 180, 202, 211 

[Proc. 4TH SER. 

japonicus, Panulirus, 14, 16, 17 

Jasus lalandii, 14 

jayakari, Agama, 67 

Eryx, 79 

Jelskii, Hydrangea, 167, 234, 236, 247, 248 

Jenkinsia lamprotaenia, 539 

stolifera, 510, 538 

johni, Eryx, 454 

Johnson, Martin W., Bathycalanus sverdrupi, 

n. sp., A Copepod Crustacean from 

Great Depths in the Pacific Ocean, 

257-265 

The Larval Development of the Cali- 

fornia Spiny Lobster, Panulirus in- 

terruptus (Randall), with Notes on 

Panulirus gracilis Streets, 1-19 

juniperum, Pristiloma, 29, 30, 38 

Juniperus, 387 

Kamienskii, Hydrangea, 211 

kanawhana, Hydrangea arborescens, 169 

karelini, Coluber, 454, 455, 456, 462 

Coluber (Tyria), 454 

Kawagoeana, Hydrangea, 207 

Kawakamii, Hydrangea, 190, 192 

keyserlingi, Teratoscincus, 448 

khasiana, Hydrangea, 215, 219 

khobarensis, Pseudoceramodactylus, 59, 60, 

61 

kisutch, Oncorhynchus, 538 

kwangsiensis, Hydrangea, 223, 224 

kwangtungensis, Hydrangea, 210, 211, 223, 

224 

Hydrangea scandens, 205, 210, 211 

labiata, Phidolopora, 124 

Labioporella, 98 

sinuosa, 98, 134 

Labridae, 277 

Lacerta guttulata, 73 

hasselquistii, 64 

Lacertidae, 75, 451, 461 

lacroixi, Membranipora, 91 

lafonti, Phyllaplysia, 551 

Lagenipora, 126 

erecta, 127 

punctulata, 126, 127 

spinulosa, 126 

lalandii, Jasus, 14 

lamprotaenia, Jenkinsia, 539 
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lanceolata, Hydrangea Hemsleyana, 193 

Hydrangea Bretschneideri, 215, 218 

Hydrangea longipes, 190, 193 

landsborovi, Smittina, 119, 120 

Landsborovii, Lepralia, 119 

Smittia, 120 

Smittina, 120 

lanuginosa, Bumelia, 387 

Larvicampus, 471 

Latastia, 83 

lebetina, Vipera, 459 

Lehmannii, Hydrangea, 239, 240 

leithi, Psammophis, 462 

Lepomis auritus, 512 

Lepralia adpressa, 126 

bilabiata, 118 

californica, 116 

feegensis, 107 

Landsborovii, 119 

microstoma, 123 

trispinosa, 121 

Leptonotus, 467, 468 

blainvilleanus, 469, 470 

Leptotyphlopidae, 462 

Leptotyphlops, 459 

blanfordi, 462 

Leviton, Alan E., Report on a Collection of 

Reptiles from Afghanistan, 445-463 

Leviton, Alan E., and Walter C. Brown, A 

Review of the Snakes of the Genus 

Pseudorabdion with Remarks on the 

Status of the Genera Agrophis and Ty- 

phlogeophis (Serpentes: Colubridae), 

475-508 

lignorum, Limnoria, 268 

Limnoria (Limnoria), 267, 268 

limi, Umbra, 540 

Limnoria in California, the Distribution of 

Wood-Boring, by Robert J. Menzies, 

267-272 

Limnoria, 267, 268, 269, 270, 271 

(Limnoria) lignorum, 267, 268 

(Limnoria) quadripunctata, 

269, 270, 271 

(Limnoria) tripunctata, 267, 268, 269, 

AAO, BUA 

lignorum, 268 

(Limnoria) lignorum, Limnoria, 267, 268 

quadripunctata, Limnoria, 267, 268, 269, 

AO, AAA 

267, 
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tripunctata, Limnoria, 267, 268, 269, 270, 

271 

Lindleyana, Hydrangea, 231 

linearis inarmata, Schizoporella, 110, 135 

lineatus, Boaedon, 83 

Helicodiscus, 34, 37 

lineolata, Eremias, 461 

Lineolatus, Psammophis, 462 

lineopunctatus, Xanthichthys, 277 

(Linophora) Rafflesii, Tetragonoptrus, 299 

liukiuensis, Hydrangea, 206 

Hydrangea scandens, 190, 203, 205, 206 

Lobbii, Hydrangea, 206, 210 

longicaudatus, Phrynocephalus maculatus, 

67 

longiceps, Calamaria, 477, 478, 480, 481 

Oxycalamus, 481 

Pseudorabdion, 475, 477, 478, 479, 480, 

A481, 482, 483, 484, 486, 504 

Pseudorhabdium, 481 

longicollis, Pandeleteius, 363, 384, 417, 418, 

419 

longifolia, Hydrangea, 184, 186 

longipes, Hydrangea, 164, 194 

Hydrangea aspera, 194 

lanceolata, Hydrangea, 190, 193 

Panulirus, 14 

longirostris, Forcipiger, 280, 283, 299, 308 

louisianae, Syngnathus, 473 

Loukashkin, Anatole S., and Norman Grant, 

Behavior and Reactions of the Pacific 

Sardine, Sardinops caerulea (Girard), 

Under the Influence of White and 

Colored Lights and Darkness, 509-548 

lucetiae, Vinciguerria, 277 

lucidillus, Pandeleteinus, 363, 364, 366, 368, 

310, B24, SIS, SIO, SH SH, SSL, SEY 

Lunulariidae, 99 

Lunulites umbellata, 99 

luteoguttatus-arabicus, Phrynocephalus, 68 

Phrynocephalus, 68, 69, 461 

luteo-venosa, Hydrangea, 206 

Juzonica, Bombonia, 470 

lycioides, Condalia, 380, 382 

Lycosa, 617 

Lytorhynchus, 80, 459 

diadema arabicus, 80 

diadema diadema, 80 
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maynardi, 462 

ridgewayi, 447, 456, 462 

Lythrypnus dalli, 277 

zebra, 277 

maccullochae, Smittina, 120 

Macrarena pacis, 439, 443 

coronadensis, 439, 440, 442, 443 

Macrarene californica, 443 

farallonensis, 443 

macrocarpa, Hydrangea, 215 

macrocephala, Hydrangea, 231 

macropeltis, Phrynocephalus nejdensis, 69 

macrophylla Chungii, Hydrangea, 221, 225, 

226 

Hydrangea, 147, 151, 156, 157, 159, 164, 

221 225, 22682981930; 231 
Hydrangea aspera, 164, 193 

Hydrangea kwangsiensis, 225 

Hydrangea macrophylla, 149, 190, 220, 

221, 226, 227, 228, 229, 230, 231 

Hydrangea macrophylla macrophylla, 164 

Hydrangea strigosa, 193 

macrophylla, Hydrangea, 149, 220, 221, 

226, 227; 228. 229, 230, 231 

macrophylla, Hydrangea macrophylla, 164 

macrophylla macrophylla, Hydrangea, 

164 

macrophylla normalis, Hydrangea, 164 

normalis, Hydrangea, 222, 226, 227 

normalis, Hydrangea macrophylla, 164 

normalis rosea, Hydrangea, 229 

Otaksa, Hydrangea, 157 

rosea, Hydrangea, 158 

serrata, Hydrangea, 164, 190, 220, 221, 

222, 226; 227; 228) 229, 230 

stylosa, Hydrangea, 221, 223, 225, 226 

Macrophyllae, 166, 220 

macrophyllum, Viburnum, 149, 221, 222, 227 

macrosepala, Hydrangea, 207 

Hydrangea opuloides Hortensia, 231 

macularis, Eublepharus, 461 

maculatus longicaudatus, Phrynocephalus, 

67 

maculatus, Phrynocephalus, 68 

Phrynocephalus, 461 

Phrynocephalus maculatus, 68 

magdalenensis, Pandeleteinus, 363, 364, 366, 

368, 375, 377, 378, 381, 382 

Mairei, Hydrangea villosa, 193 
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major, Alecto, 130 

Ceramodactylus, 56, 58, 59 

Diaperoecia, 130 

Oncouoecia (Proboscina), 130 

Proboscina, 130 

Stomatopora, 130 

Malacostega, 88 

Malpolon, 80 

moilensis, 80 

Malus, 160 

malusi, Fenestrulina, 117 

Microporella, 117 

malusii, Cellepora, 117 

Fenestrulina, 117 

Microporella, 117 

umbonata, Fenestrulina, 117 

mandarinorum, Hydrangea, 215 

mandibulata, Cellaria, 100 

mandschurica, Hydrangea, 231 

marcellae, Chaetodon, 275, 278, 280, 284, 300, 

304, 305, 308 

Chaetodon (Oxychaetodon), 304 

marina, Zostera, 550, 551, 573 

Marine Gastropods, Two New Species of 

West North American, by Rudolf 

Stohler, 423-444 

mariposa, Helminthoglypta proles, 27 

mariposa, Monadenia (Corynadenia) hille- 

brandi, 24 

mariposa, Monadenia hillebrandi, 22, 25, 27, 

44 
maritima, Hydrangea, 227 

marsupium porifera, Porella, 119 

porifera, Smittina, 119 

Mathewsii, Hydrangea, 167, 184, 234, 236, 

248 

Maximowiczii, Hydrangea, 194 

maynardi, Lytrophyclus, 462 

McCauley, James E., The Morphology of 

Phyllaplysia zostericola, new species, 

549-576 

McClintock, Elizabeth, A Monograph of the 

Genus Hydrangea, 147-256 

mcnamarae, Pseudorabdion, 475, 478, 479, 

480, 497, 498, 499, 500, 501, 503, 504 

Pseudorhabdium, 480, 498 

meccensis, Scincus, 76 

-mitranus, Scincus, 75 

Medialuna californiensis, 277 
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Megacalanus princeps, 257 

sarsl, 257 

Megaprotodon, 283 

strigangulus, 299 

melanocephala, Bioga trigonata, 457, 462 

melanocephalus, Dipsadomorphys trigonata, 

457 

melanopus, Coradion, 299 

Membranipora, 88 

circumclathrata, 93 

corniculifera, 94 

denticulata, 89 

?denticulata, 91 

gothica, 98 

lacroixi, 91 

occultata, 95 

patula, 96 

savarti, 90 

spinifera, 92 

tehuelcha, 89 

tenuirostris, 94, 95 

tenuis, 89 

tuberculata, 88, 89 

unicornis, 95 

(Membranipora) corniculifera, Hincksina, 94 

occultata, Tegella, 95 

Membraniporidae, 88 

Menzies, Robert J., The Distribution of 

Wood-Boring Limnoria in California, 

267-272 

Meronoi, Premna, 192 

Mesalina brevirostris, 73 

Metracolposa mucronata, 104 

Microcanthus, 283 

Micrognathus, 467, 470, 471 

(Anarchopterus) crinigerus, 470 

brevirostris, 470 

vittatus brevirostris, 469 

microlepis, Eremias brevirostris, 73 

microlepis, Uromastix, 70 

Uromastyx, 70 

Microporella, 114 

californica, 116 

ciliata, 114, 115 

ciliata californica, 116 

malusi, 117 

malusii, 117 

Microporellidae, 114 

Microporidae, 97 

Microporina, 97 
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borealis, 97, 134 

(Salicornaria) borealis, 97 

Micropterus pseudaplites, 512 

salmoides, 540 

sp., 512 

microstoma, Lepralia, 123 

Mucronella, 123, 135 

Microsyngnathus, 467, 468 

miliaris, Anguis, 454 

Chaetodon, 298 

Eryx jaculus, 454, 462 

mindi, Pseudophallus, 473 

minuta, Cellepora, 113 

minutum, Pseudorabdion, 478, 499, 501, 504 

Pseudorhabdium, 480, 498 

mitranus, Scincus, 76 

Scincus meccensis-, 75 

moilensis, Coluber, 80 

Malpolon, 80 

mollis, Hydrangea heteromalla, 215 

Monadenia, 24 

circumcarinata, 25, 26, 43 

(Corynadenia) hillebrandi, 22 

(Corynadenia) hillebrandi mariposa, 24 

(Corynadenia) tuolumneana, 24, 25, 42, 

43 

hillebrandi, 24, 25, 26, 27, 44 

hillebrandi mariposa, 22, 25, 27, 44 

hillebrandi yosemitensis, 25 

mormonum, 21, 22, 26, 39, 40, 41, 42, 43 

troglodytes, 26, 37 

Monocanthus cirrhifer, 540 

Monosegia, 167, 232 

montanum, Pseudorabdion, 479, 480, 481, 

488, 491, 493, 494, 504 

morgani, Naja, 81 

mormonum, Monadenia, 21, 22, 26, 39, 40, 

41, 42, 43 
mucosus, Ptyas, 459, 462 

mucronata, Metracolposa, 104. 

Reginella, 104. 

Mucronella, 123 

californica, 122 

microstoma, 123, 135 

Mugil, 540 

sp., 538 

mustersi, Batrachyperus, 459, 460 

mutabilis, Hortensia, 228 

Primula, 149, 228 

Mynthes, 618 
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ambigua, 617, 618 

dentifer, 577, 617 

subfasciatus, 618 

mystaceus, Phrynocephalus, 461 

Naja, 81 

haie arabica, 81 

haje, 83 

haje arabica, 81 

morgani, 81 

naja oxiana, 462 

naja oxiana, Naja, 462 

Natrix tessellata, 462 

tessellatus, 459 

navilis, Teredo, 268 

nejdensis macropeltis, Phrynocephalus, 69 

nejdensis, Phrynocephalus, 69 

nejdensis, Phrynocephalus, 68, 69 

nejdensis, Phrynocephalus nejdensis, 69 

Neptunus, 540 

Nerophinae, 466, 467 

New Species, The Morphology of Phyllaply- 

sia zostericola, by James E. McCauley, 

549-576 

Nichtina tuberculata, 89 

nigricans, Girella, 277 

nigripectus, Corythoichthys, 468 

nigrirostris, Chaetodon, 274, 279, 297, 308 

Heniochus, 279, 283, 284, 296, 297, 298, 

299, 300, 308 

niphobles, Spheroides, 540 

niphonium, Cybium, 540 

nivea conformis, Hydrangea, 172 

Hydrangea, 172, 231 

norae, Gibbonsia, 277 

normalis, Hydrangea macrophylla, 2 

22th 

Hydrangea macrophylla macrophylla, 164 

rosea, Hydrangea macrophylla, 229 

bo Ze220% 

norrisi, Norrisia, 441 

Norrisia norrisi, 441 

nudus, Pandeleteinus, 368 

nupta, Agama, 461 

oblongifolia, Hydrangea, 150, 190, 207 

occidentalis, Tubulipora, 132, 133 

occultata, Membranipora, 95 

Tegella (Membranipora), 95 

Ocellatus, Chaetodon, 302 

Corythoichthys, 468 
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Oerstedii, Hydrangea, 155, 156, 167, 232, 233, 

234, 237, 239, 241, 242, 246 

(Ogardiscus?) subrupicola (?) spealeum, 

? Pristiloma, 30 

olivieri, Phrynocephalus, 450 

Oncorhynchus kisutch, 538 

tshawytascha, 538 

Oncouoecia (Proboscina) major, 130 

Oncousoeciidae, 130 

opalinus, Hadromeropsis, 382, 419 

Ophiomorus brevipes, 461 

tridactylus, 450, 451, 461 

Ophiosaurus apodus, 461 

Oplegnathus fasciatus, 541 

opuloides cyanoclada, Hydrangea, 231 

Hortensia, 149, 164, 228 

Hortensia, Hydrangea, 231 

Hortensia macrosepala, Hydrangea, 231 

Hydrangea, 150, 151, 164 

ornata, Phyllaplysia, 551 

ornatus, Phrynocephalus, 450, 461 

osorno, Calacadia, 583, 584, 585, 601, 602, 

611, 614, 615, 617 

Otaksa, Hydrangea, 230, 231 

Hydrangea Macrophylla, 157 

oxiana, Naja naja, 462 

Oxycalamus, 477, 478, 479 

longiceps, 481 

oxycephalus, 487 

oxycephalum, Pseudorabdion, 475, 478, 479, 

480, 482, 486, 487, 488, 490, 491, 493, 

494, 498, 504 

Rhabdosoma, 478, 480, 487 

oxycephalus, Oxycalamus, 487 

Oxychaetodon, 304, 308 

(Oxychaetodon) marcellae, Chaetodon, 304 

Oxyjulis californica, 277 

Pacific Sardine, Sardinops caerulea (Girard), 

Under the Influence of White and 

Colored Lights and Darkness, Be- 

havior and Reactions of the, by Ana- 

tole S. Loukashkin and Norman Grant, 

509-548 

pacifica, Crisia, 134 

Phidolopora, 124 

Retepora, 124 

pacis, Macrarena, 439, 443 

Paleomon, 540 

pallida, Agama, 65 
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panamensis, Hydrangea, 239, 240 Howden, 361-421 

Pandeleteini, 363, 394 Pandeletejus, 382 

Pandeleteinus, 361, 362, 363, 364, 366, 375, cinereus, 386 

BV PS7S, 379, 281e 382.0388) 388 robustus, 395 
elytroplanatus, 364, 366, 368, 378, 381, rotundicollis, 414 

382 simplarius, 394 

lucidillus, 363, 364, 366, 368, 370, 372, submetallicus, 364, 369 

375, 376, 377, 378, 381, 382 subtropicus, 387 

magdalenensis, 363, 364, 366, 368, 375, paniculata, Hydrangea, 151, 153, 154, 156, 

SUM OU CHOC IA Ooe 159, 164, 166, 186, 211, 212, 213, 214, 

nudus, 368 ANG 

submetallicus, 361, 363, 364, 366, 368, pannonicus, Ablepharus, 461 

369, 370, 371, 372, 373, 382 Panulirus, 12, 16, 17 

Pandeleteius, 361, 362, 363, 364, 366, 368, 381, argus, 17 

382, 383, 384, 388, 389, 393, 398, 401, gracilis, 4, 8, 12, 17, 18 

403, 405, 407, 408, 411, 414, 416, 419 inflatus, 3 

albisquamis, 418, 419 oueojoranis, IA. Bo Al (sy fy TI), alal. 117, 

attenuatus, 366, 384, 385, 411, 413 WE WS, iG, w7/, Ue 

bryanti, 414, 416, 417 japonicus, 14, 16, 17 

buchanani, 366, 383, 385, 389, 392, 393, longipes, 14 

400 Paralabrax clathratus, 277, 513 

cinereus, 366, 375, 381, 383, 384, 386, Parasmittina, 121 

387, 388, 389, 393, 406 californica, 122, 135 

defectus, 363, 364, 366, 382, 384, 385, collifera, 122, 123, 135 

407, 408, 409, 410, 411 trispinosa, 121 

dentipes, 366, 384, 385, 406, 407, 408 Parasyngnathus, 467, 468, 471, 473 

depressus, 414, 416 parviflora, Hydrangea heteromalla, 215 

henryi, 364, 366, 385, 398, 401 Hydrangea pubiramea, 207 

hilaris, 363, 366, 382, 384, 385, 389, 404, patula, Chapperia, 96 

405, 406, 407, 408, 409, 410, 411, Membranipora, 96 

412, 414 patulum, Amphiblestrum, 96 

hirtipes, 398 paulini, Phyllaplysia, 551 

longicollis, 363, 384, 417, 418, 419 pauperculus, Pandeleteius, 382, 404 
pauperculus, 382, 404 pawnei, Ichthyocampus, 471 

plumosiventris, 363, 364, 383, 385, 398,  Peckinensis, Hydrangea, 215, 219 
401, 403 pelagicus, Syngnathus, 473 

robustus, 361, 364, 366, 383, 385, 395, pelta, Chelmo, 304 

398. 401. 403 Prognathodes, 307 

rotundicollis, 366, 382, 383, 384, 409, Penetopteryx, 471 
AT Penocus, 540 

simplarius, 362, 366, 383, 385, 393, 394, Pentont, Bufo, 50 
396. 400. 401 persica, Agama, 66, 83 

spatulatus, 394, 395 Agamura, 446, 461 

subtropicus, 366, 383, 384, 387, 388, 389, Eremas, 453,462 
403 Eremias velox, 453, 461 

viridissimus, 382, 419 persicus, Gymnodactylus, 446 

Pandeleteius Schonherr and Pandeleteinus Hemidactylus, 64, 83 

Champion of America North of Mexico —_ peruviana, Cornidia, 239 
(Coleoptera: Curculionidae), a Re- Hydrangea, 150, 167, 184, 232, 233, 234, 

vision of the Species, by Anne T. 239, 241, 243 
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Sarcostyles, 150, 242, 243 

Petalanthe, 166, 168, 202 

Petalifera, 550 

petalifera taylor, 550 

petalifera taylori, Petalifera, 550 

petiolaris, Hydrangea, 158, 159, 164, 197, 199 

Hydrangea anomala, 154, 155, 164, 201, 

202 

Petraliidae, 107 

petrathauma, Astraea, 424, 425, 427, 434, 435, 

436, 437, 438 

petri, Stenodactylus, 54, 56, 57 

Phidolopora, 124 

labiata, 124 

pacifica, 124 

philbyi, Scincus, 49, 77, 78 

Philochortus, 83 

Phoradendron flavescens, 387 

Phrynocephalus, 67, 70, 83, 459 

arabicus, 67 

interscapularis, 461 

luteoguttatus, 68, 69, 461 

luteoguttatus-arabicus, 68 

maculatus, 461 

maculatus longicaudatus, 67 

maculatus maculatus, 68 

mystaceus, 461 

nejdensis, 68, 69 

nejdensis macropeltis, 69 

nejdensis nejdensis, 69 

olivieri, 450 

ornatus, 450, 461 

scutellatus, 450, 461 

Phylactellidae, 126 

Phyllaplysia, 550, 551 

brongniartii, 551 

depressa, 551 

engeli, 551, 569 

lafonti, 551 

ornata, 551 

paulini, 551 

plana, 551 

taylori, 549 

varicolor, 551 

viridis, 551 

zostericola, 549, 550, 551, 552, 556, 558 

562, 568, 569, 570, 573, 574 
Phyllaplysia zostericola, New Species, The 

E. Mc- 

’ 

Morphology of, by James 

Cauley, 549-576 

[Proc. 4TH SER. 

pictus, Ichthyocampus, 471 

Pimelometopon pulchrum, 277 

pinchoni, Batrachyperus, 459 

Pipefish to Seahorse—A Study of Phyloge- 

netic Relationships, From, by Earl S. 

Herald, 465-473 

Piptopetalae, 180, 211, 220, 221 

Pisauridae, 578 

plana, Phyllaplysia, 551 

Platycrater, 156 

platyphylla, Hydrangea, 237, 238 

Pluchea sericea, 380, 382 

plumosiventris, Pandeleteius, 363, 364, 383, 

385, 398, 401, 403 
Pneumatophorus grex, 510, 538 

Polydacrys, 364 

Polygyratia, 33 

Polysegia, 167, 244 

Pomacentridae, 277 

Porella, 119 

collifera, 120, 123 

marsupium porifera, 119 

porifera, 119 

porifera, Porella, 119 

Porella marsupium, 119 

Smittina, 119 

Smittina marsupium, 119 

porosus, Cauloramphus, 92 

Pottingeri, Hydrangea, 206 

Premna Merinoi, 192 

Preslii, Hydrangea, 149, 150, 167, 184, 231, 

232,233; 234, 242% 243 

prezewalski, Teratoscincus, 447 

Primula mutabilis, 149, 228 

princeps anomalus, Caulolatilus, 277 

Bathycalanus, 257, 260, 264 

Megacalanus, 257 

Pristiloma chersinella, 30, 44 

gabrielinum, 29, 30, 44 

juniperum, 29, 30, 38 

subrupicola, 32 

subrupicola spelaea, 30, 32 

subrupicola spelaeum, 22, 30, 38, 40 

? Pristiloma (Ogardiscus?) subrupicola (?) 

spealeum, 30 

Pristurus, 63, 83 

carteri carteri, 63 

carteri tuberculatus, 63, 64 

rupestris, 64 

rupestris rupestris, 64 
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Proboscina, 130 

major, 130 

(Proboscina) major, Oncouoecia, 130 

Prodromus, 150, 200, 201 

Prognathodes, 300 

aculeatus, 284, 304, 305, 307, 308 

pelta, 307 

proles, Helminthoglypta, 27, 38 

mariposa, Helminthoglypta, 27 

Prosopis sp., 380, 382 

protonyma, Hydrangea aspera, 196 

Proto-Urophinae, 467 

prunifolium, Viburnum, 158 

Psammophis, 81, 459 

leithi, 462 

lineolatus, 462 

schokari, 81, 457, 462 

(Psammosaurus) griseus, Varanus, 453 

pseudaplites, Micropterus, 512 

Pseudoboa carinata, 458 

Pseudoceramodactylus, 59 

khobarensis, 59, 60, 61 

Pseudocerastes, 82 

fieldi, 82 

persica, 462 

Pseudophallus, 467, 473 

elcapitanensis, 473 

mindi, 473 

starksi, 473 

INDEX 

Pseudorabdion, 475, 477, 478, 479, 480, 482, 

486, 488, 494, 504 

albonuchalis, 480, 481, 496, 497, 504 

ater, 479, 480, 482, 486, 497, 504 

longiceps, 475, 477, 478, 479, 480, 481, 

482, 483, 484, 486, 504 

mcnamarae, 475, 478, 479, 480, 497, 498, 

499, 500, 501, 503, 504 

minutum, 478, 499, 501, 504 

montanum, 479, 480, 481, 488, 491, 493, 

494, 504 

oxycephalus, 475, 478, 479, 480, 482, 486, 

487, 488, 490, 491, 493, 494, 498, 

504 

sarasinorum, 480, 481, 494, 495, 497, 504 

saravacensis, 480, 481, 496, 497, 504 

taylori, 479, 480, 481, 498, 502, 503, 504 

torquatum, 482 

Pseudorabdion with Remarks on the Status 

of the Genera Agrophis and Typhlo- 

geophis (Serpentes: Colubridae), A 

641 

Review of the Snakes of the Genus, by 

Alan E. Leviton and Walter C. Brown, 

475-508 

Pseudorhabdium, 477, 478 

longiceps, 481 

mcnamarae, 480, 498 

minutum, 480, 498 

oxycephalum, 487 

Pseudostega, 100 

Ptyas mucosus, 459, 462 

Ptyodactylus, 64 

hasselquisti, 64: 

pubescens, Hydrangea, 215, 219 

Hydrangea vestita, 215, 219 

Viburnus, 158 

pubiramea, Hydrangea, 207 

parvifolia, Hydrangea, 207 

Puellina innominata, 105 

radiata, 105 

radiata radiata, 105 

radiata rarecosta, 105 

radiata scripta, 105 

pulchrum, Pimelometopon, 277 

pumila, Castanea, 406 

punctata, Aplysia, 556, 569, 574 

punctipinnis, Chromis, 277 

punctulata, Entalophora, 126 

Lagenipora, 126, 127 

Tubucellaria, 126 

puntazzo, Charax, 540 

quadripunctata, Limnoria 

268, 269, 270, 271 
(Limnoria), 267, 

quercifolia, Hydrangea, 149, 152, 153, 156, 

164, 166, 174, 176, 180, 182, 184 

Quercus arizonensis, 398 

emoryl, 413 

Gambelii, 410 

hypoleucoides, 403 

Rabdion, 477 

forsteni, 477 

torquatum, 475, 477, 480, 482 

radiata, Colletosia, 105 

Cornidia, 237, 238 

Cribrilina, 105 

Cribrilina radiata, 

Eschara, 105 

Hydrangea, 149, 159, 237 

105 
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Hydrangea arborescens, 153, 164, 169, 

72. 073, 174,°176; 1805182, 187 

Puellina, 105 

Puellina radiata, 105 

radiata, Cribrilina, 105 

rarecosta, Puellina, 105 

scripta, Puellina, 105 

radulifer, Rubrius, 577, 618 

radulifera, Calacadia, 578, 584, 585, 602, 608, 

613, 614, 618 

Rafflesii, Tegragonoptrus (Linophora), 299 

Rana, 50 

ridibunda, 50, 459, 460 

ridibunda ridibunda, 50 

sternosignata, 459 

tibetiana, 459 

Ranidae, 50, 460 

rarecosta, Puellina radiata, 105 

raverigieri, Coluber, 462 

Rechnitzer, Andreas B., see Hubbs, Carl L. 

regeli, Eremias, 461 

Reginella, 104 

mucronata, 104. 

regularis, Scrupocellaria, 103, 135 

Rehderiana, Hydrangea, 192 

Report on a Collection of Reptiles from 

Afghanistan, by Alan E. Leviton, 445- 

463 

Reptescharellina cornuta, 109 

Reptiles from Afghanistan, Report on a Col- 

lection of, by Alan E. Leviton, 445- 

463 

Reptilia, 50 

Retepora pacifica, 124 

Reteporidae, 124 

reticulata, Hydrangea, 163 

Revision of the Species of Pandeleteius 

Schonherr and Pandeleteinus Cham- 

Mexico 

A, by 

pion of America North of 

(Coleoptera: Curculionidae), 

Anne T. Howden, 361-421 

Rhabdophidium, 477 

Rhabdosoma, 489 

oxycephalum, 478, 480, 487 

rhodorachis, Coluber, 83, 455, 456, 462 

Rhoicinae, 578 

Rhoicinaria, 578, 579, 580, 585 

rorerae, 579, 580, 584 

Rhoicineae, 578 

Rhoicininae, 578, 581 

[Proc. 4TH SER. 

Rhoicinine Spiders (Pisauridae) of Western 

South America, by Harriet Exline, 

577-620 

Rhoicinus, 577, 578, 579, 580, 583, 584, 585, 

586, 593, 595, 597, 600, 601, 604 

andinus, 581, 584, 587, 588, 590, 595, 596, 

597, 598, 599 

gaujoni, 577, 578, 579, 584, 586, 587, 

588, 590, 593, 598 

rothi, 577, 582, 584, 585, 587, 588, 590, 

592, 596, 598 

schlingeri, 581, 584, 586, 590, 595, 597, 

598, 599 

wallsi, 579, 584, 586, 598 

wapleri, 584, 586, 600 

weyrauchi, 579, 581, 582, 584, 587, 590, 

596, 599, 600 

Rhynchocalamus, 83 

Rhynchozoon, 125 

tumulosum, 125, 135 

richardi, Bathycalanus, 257, 260 

Richards, Adrian F., and Bayard H. Bratt- 

strom, Bibliography, Cartography, Dis- 

covery, and Exploration of the Isla 

Revillagigedo, 315-360 

ridgewayi, Lytorhynchus, 447, 456, 462 

ridibunda, Rana, 50, 459, 460 

Rana ridibunda, 50 

ridibunda, Rana, 50 

robertsonae, Costazia, 129 

Tegella, 95, 96 

robertsoni, Tegella, 95 

robertsoniae, Cupularia, 99 

roborowskii, Teratoscincus, 448 

robusta Griffithii, Hydrangea, 194 

Hydrangea, 194 

Hydrangea aspera, 164, 188, 190, 194, 

196 

robustus, Pandeleteius, 361, 364, 366, 383, 

385, 395, 398, 401, 403 

Pandeletejus, 395 

Roccus saxatilis, 539 

rorerae, Rhoicinaria, 579, 580, 584 

rosalba, Hydrangea japonica, 230 

rosea, Hydrangea macrophylla, 158 

Hydrangea macrophylla normalis, 229 

rossi, Calacadia, 583, 584, 585, 602, 611, 612, 

613, 614, 616, 617 

rostellatus, Syngnathus, 472 

Rosthornii, Hydrangea, 194 
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rostratus guadalupensis, Heterostichus, 277 

rothi, Rhoicinus, 577, 582, 584, 585, 587, 588, 

590, 592, 596, 598 

rotundicollis, Pandeleteius, 366, 382, 383, 384, 

409, 414, 416, 417 

Pandeletejus, 414 

Rozieri gothica, Steganoporella, 98 

(californica), Thalamoporella, 99 

rozieri, Thalamoporella, 99 

Rubrius, 577 

ambigua, 617 

antarcticus, 618 

dentifer, 618 

radulifer, 577, 618 

ruderata, Agama, 461 

rudis, Amastigia, 102, 134 

Caberea, 102 

rugosa, Hippothoa hyalina, 106 

runa, Festucalex, 471 

rupestris, Pristurus, 64 

Pristurus rupestris, 64 

rupestris, Pristurus, 64 

rupicollina, Astraea, 426, 427, 428, 429, 430, 

432, 435, 436, 437, 438, 439 

Astraea (Uvanilla), 425 

russellii, Hydrangea, 162 

sachalinensis, Hydrangea, 211 

Salicornaria borealis, 97 

(Salicornaria) borealis, Microporina, 97 

Salientia, 50, 460 

salina, Artemia, 518, 542 

salmoides, Micropterus, 540 

salmonaceua, Helicodiscus, 34: 

salmonensis, Helicodiscus fimbriatus, 34 

salpa, Box, 540 

Sanctae Helenae, Chaetodon, 283 

sanguinolenta, Agama, 461 

sarasinorum, Agrophis, 477, 479, 480, 494 

Pseudorabdion, 480, 481, 494, 495, 497, 

504 

saravacensis, Agrophis, 479, 480, 497, 504 

Pseudorabdion, 480, 481, 496, 497, 504 

Sarcostyles, 150, 165, 231 

peruviana, 150, 242, 243 

Sardinops caerulea, 509, 510, 541 

Sargassum, 275 

Sargentiana, Hydrangea, 164, 195 

Hydrangea aspera 164, 188, 190, 195, 196 

sarsi, Megacalanus, 257 

INDEX 

Sauria, 51, 446 

savarti, Flustra, 90 

Membranipora, 90 

savartii, Acanthodesia, 90 

saxatilis, Roccus, 539 

scaber, Gymnodactylus, 63, 461 

Stenodactylus, 63 

scabra, Dasypeltis, 83 

Hydrangea aspera, 190 

scandens chinensis, Hydrangea, 154, 190, 205, 

206, 209, 210, 214 
Hydrangea, 150, 158, 164, 166, 199, 201, 

204, 205, 211, 245, 246 

Hydrangea scandens, 203, 204, 205, 206, 

230 

kwangtungensis, Hydrangea, 205, 210, 

211 

liukiuensis, Hydrangea, 190, 203, 205, 206 

scandens, Hydrangea, 203, 204, 205, 206, 

230 

Viburnum, 205 

Scardinius erythrophthalmus, 538 

Schindleri, Hydrangea, 211, 214 

Schizomavella, 111 

auriculata cuspidata, 111, 135 

Schizophragma, 156 

hydrangeoides, 164 

Schizoporella auriculata (cuspidata), 111 

biaperta, 109, 114 

cecili, 108 

cecilii, 108 

cornuta, 109, 111 

hyalina, 106 

insculpta, 111, 112 

linearis inarmata, L110, 135 

spinifera, 92 

(Stephanosella) biaperta, 110 

tumulosa, 125 

Schizoporellidae, 108 

schlegeli, Syngnathus, 472 

Schlimii, Hydrangea, 237, 238 

schlingeri, Rhoicinus, 581, 

595, 597, 598, 599 

schmidti, Acanthodactylus cantoris, 72 

584, 586, 590, 

schneideri, Eumeces, 461 

schokari, Coluber, 457 

Psammophis, 81, 457, 462 

schultzi, Corythoichthys, 468 

Scincidae, 74, 450, 461 

Scincus deserti, 76, 77 
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lord 
gasperettii, 7 

hemprichi, 83 

meccensis, 76 

sh 
oD; Li 

meccensis-mitranus, 75 

mitranus, 76 

scincus, 77 

philbyi, 49, 77, 78 

scincus, Scincus, 77 

Stenodactylus, 448 

Teratoscincus, 448, 461 

Scinicus, 75, 76, 83 

Scomber scombrus, 510 

scombrus, Scomber, 510 

Scorpaena guttata guadalupae, 277 

Scorpaenidae, 277 

Scorpaenodes xyris, 277 

Scorpididae, 277 

scovelli, Syngnathus, 473 

scripta, Eremias, 461 

Puellina radiata, 105 

Scrupocellaria, 103 

cervicornis, 103 

regularis, 103, 134 

varians, 103, 135 

Scrupocellariidae, 102 

scutatus, Eumeces, 75 

scutella, Agama, 450 

scutellatus, Acanthodactylus, 72 

Acanthodactylus scutellatus, 72 

hardyi, Acanthodactylus, 72 

Phrynocephalus, 450, 461 

scutellatus, Acanthodactylus, 72 

Scylla, 540 

Seahorse—A Study of Phylogenetic Rela- 

tionships, From Pipefish to, by Earl S. 

Herald, 465-473 

Seemannii, Hydrangea, 167, 232, 237 

semicinctus, Halichoeres, 277 

Semitubigera tuba, 132 

sericea, Pluchea, 380, 382 

Seriola dorsalis, 277 

Serpentes, 79, 454 

Serranidae, 277 

serrata, Crisia, 134 

Crisina, 134 

Hydrangea, 151, 164, 222, 226 

Hydrangea kwangsiensis, 225 

Hydrangea macrophylla, 164, 190, 220, 

22, 222, 226, 22:72 228. 2295 230 

serratifolia, Cornidia, 245, 246 

[Proc. 4TH SER. 

Hydrangea, 150, 164, 168, 184, 234, 239, 

245, 246, 247, 248 

serratum, Viburnum, 222, 223, 227 

serratus, Trachyrhamphus, 469, 470 

serrulata, Crisia, 134 

setchuenensis, Hydrangea Bretschneideri, 215 

Hydrangea xanthoneura, 215 

Sieboldii, Hydrangea, 231 

sikokiana, Hydrangea, 166, 182, 186, 188 

simplarius, Pandeleteius, 362, 366, 383, 385, 

393, 394, 395, 400, 401 

Pandeletejus, 394 

sinaita, Agama, 65, 83 

sinencis, Hydrangea, 231 

sinica, Hydrangea aspera, 193 

sinuosa, Labioporella, 98, 134 

Sitsitan, Hydrangea, 229 

slevini, Stenodactylus, 54, 55, 56 

Smith, Allyn G., Snails from California Caves, 

21-46 

Smittia californiensis, 127 

collifera, 122, 123 

landsborovi, 120 

trispinosa, 121 

Smittina, 119 

californiensis, 122 

collifera, 123 

landsborovi, 119, 120 

maccullochae, 120 

marsupium porifera, 119 

porifera, 119 

trispinosa, 121 

Smittinidae, 119 

Snails from California Caves, by Allyn G. 

Smith, 21-46 
Solegnathinae, 466, 467 

Some Amphibians and Reptiles from Arabia, 

by Georg Haas, 47-86 

Soule, John D., and Mary Marsh Duff, Fossil 

Bryozoa from the Pleistocene of South- 

ern California, 87-146 

Spatalura carteri, 63 

spatulatus, Pandeleteius, 394, 395 

speciosa, Hortensia, 228 

spelaea, Pristiloma subrupicola, 30, 32 

?V[itera] subrupicola, 30 

spelaeum, Pristiloma subrupicola, 22, 30, 38, 

40 

(?) spelaeum, ?Pristiloma (Ogardiscus?) sub- 

rupicola, 30 
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Speleodiscoides, 33, 35, 36 

Speleodiscoides spirellum, 34, 38 

Sphaerosophis diadema, 462 

Sphenocephalus tridactylus, 450 

Spheroides niphobles, 540 

Sphyraena japonica, 540 

spicifer djarong, Bombonia, 469 

Syngnathus, 470 

spinifer, Cauloramphus, 92 

spinifera, Flustra, 92 

Membranipora, 92 

Schizoporella, 92 

spiniferum, Cauloramphus, 92 

spinulosa, Lagenipora, 126 

springeri, Syngnathus, 473 

spirellum, Speleodiscoides, 34, 38 

sportella, Haplotrema, 29 

Sprucei, Hydrangea, 241, 242 

starksi, Pseudophallus, 473 

Steganoporella Rozieri gothica, 98 

stellata, Hydrangea, 230 

Stenodactylus, 54, 60, 83, 459 

arabicus, 56, 57 

elegans, 54, 56 

scaber, 63 

scincus, 448 

slevini, 54, 55, 56 

petri, 54, 56, 57 

stenophylla, Hydrangea, 208 

Stephanosella, 114 

biaperta, 109, 114 

(?)Stephanosella biaperta, 109, 110 

(Stephanosella) biaperta, Schizopodrella, 110 

sterilis, Hydrangea villosa, 193 

sternosignata, Rana, 459 

Sternotychidae, 277 

Steyermarkii, Hydrangea, 167, 244 

Stigmatopora, 472 

typhle, 472 

Stohler, Rudolf, Two New Species of West 

North American Gastropods, 423-444 

Stolephorus, 540 

stoliczkai, Gymnodactylus, 446 

stolifera, Jenkinsia, 510, 538 

Stomatopora major, 130 

strigangulus, Megaprotodon, 299 

strigosa, Hydrangea, 164, 193, 196 

Hydrangea aspera, 164, 180, 188, 196, 

193 

macrophylla, Hydrangea, 193 

INDEX 

strigosior, Hydrangea aspera, 190, 193 

stylosa, Hydrangea, 223, 224, 226 

Hydrangea kwangsiensis, 225 

Hydrangea macrophylla, 221, 223, 225, 

226 

subfasciatus, Coelotes, 618 

Mynthes, 618 

subferruginea, Hydrangea, 207 

subintegra, Hydrangea, 207 

submetallicus, Pandeleteinus, 361, 363, 364, 

360, S68) 209» SOs Sila OiiZenolon OOe 

Pandeletejus, 364, 369 

subrupicola, Pristiloma, 32 

spelaea, Pristiloma, 50, 32 

spelaea, ?V[itera], 30 

spelaeum, Pristiloma, 22, 30, 38, 40 

(?)spelaeum, ?Pristiloma (Ogardiscus ?), 

30 

subtropicus, Pandeleteius, 366, 383, 384, 387, 

388, 389, 403 

Pandeletejus, 387 

sungpanensis, Hydrangea, 216 

sverdrupi, Bathycalanus, 257, 258, 259, 261, 

262 

symmetricus, Trachurus, 277 

Syngnathidae, 466 

Syngnathinae, 466, 467 

Syngnathoidinae, 466, 467 

Syngnathus, 467, 468, 470, 471, 473 

acus, 471, 472 

arctus, 468 

argyrostictus, 468 

auliscus, 472 

californiensis, 472 

carce, 471 

carinatus, 473 

cinctus, 471 

coccineus, 468 

cyanospilus, 470 

djarong, 470 

dunckeri, 468 

elucens, 468 

elucens argyrostictus, 469 

floridae, 472, 473 

fuscus, 472 

louisianae, 473 

pelagicus, 473 

rostellatus, 472 

schlegeli, 472 

scovelli, 473 
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spicifer, 470 tibetanus, Batrachyperus, 459 

springeri, 473 tibetiana, Rana, 459 

Systrophia, 33 tilaefolia, Hydrangea, 199 

Systrophiidae, 33 tincta, Antropora, 91, 134 

Crassimarginatella, 91 

taeniolatus, Eumeces, 74, 75, 83, 461 torquatum, Pseudorabdion, 482 

Eurylepis, 74 Rabdion, 475, 477, 480, 482 

tarapotensis, Hydrangea, 155, 167, 184, 234, Trachurus symmetricus, 277 

246, 247, 248 Trachyrhampus, 467, 470, 471 

taroensis, Hydrangea, 223 serratus, 469, 470 

tataricus, Eryx, 454, 462 Trianae, Hydrangea, 239, 240 

taylori, Petalifera petalifera, 550 triangularis, Cauloramphus, 94 

Phyllaplysia, 549 triangulum, Chaetodon, 298 

Pseudorabdion, 479, 480, 481, 498, tridactylus, Ophiomorus, 450, 451, 461 

502, 503, 504 Sphenocephalus, 450 

Tegella, 95 trigonata, Bioga, 457, 458, 459 

(Membranipora) occultata, 95 melanocephala, Bioga, 457, 462 

robertsonae, 95, 96 melanocephalus, Dipsadomorphus, 457 

robertsoni, 95 Trigonodactylus, 51 

tehuelcha, Flustra, 89 arabicus, 51, 53, 57 

Membranipora, 89 Triptergiidae, 277 

Telecopus dhara, 83 tripunctata, Limnoria (Limnoria), 267, 268, 

tenuirostre, Copidozoum, 94, 95 269, 270, 271 

tenuirostris, Callopora, 95 trispinosa, Discopora, 121 

Membranipora, 94, 95 Lepralia, 121 

tenuis, Membranipora, 89 Parasmittina, 121 

Teratoscincus, 59, 447, 448, 459 Smittia, 121 

bedriagai, 447, 461 Smittina, 121 

keyserlingli, 448 troglodytes, Monadenia, 26, 37 

prezewalski, 447 Tropiocolotes, 83 

roborowskii, 448 tshawytascha, Oncorhynchus, 538 

scincus, 44.8, 461 tuba fasciculifera, Tubulipora, 133 

zarudnyl, 448 Semitubigera, 132 

Teredo, 268 Tubulipora, 132 

navalis, 268 tuberculata, Flustra, 88 

tessellatus, Natrix, 459, 462 Membranipora, 88, 89 

Testudinidae, 462 Nichtina, 89 

Testudo caspica, 50 tuberculatus, Alsophylax, 83, 447, 457, 461 

horstfieldi, 462 Bunopus, 447 

Tetragonoptrus, 283 Pristurus carteri, 63, 64: 

(Linophora) Rafflesii, 299 Tubucellaria punctulata, 126 

Thalamoporella, 98 Tubulipora, 132 

californica, 98, 99, 134 fasciculifera, 133 

rozierl, 99 occidentalis, 132, 133 

Rozieri (californica), 99 tuba, 132 

Thalamoporellidae, 98 tuba fasciculifera, 133 

The Morphology of Phyllaplysia zostericola, Tubuliporidae, 132 

New Species, by James E. McCauley, Tubuliporina, 130 

549-576 tularensis, Helminthoglypta, 26, 45 

Thunbergii, Hydrangea, 227, 229 tumulosum, Rhynchozoon, 135 
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tuolumneana, Monadenia (Corynadenia), 24, 

25, 42, 43 
Tupinambis griseus, 70 

Tupinambus griseus, 453 

Two New Species of West North American 

Marine Gastropods, by Rudolf Stohler, 

423-444 
typhle, Stigmatopora, 472 

Typhlogeophis, 475, 477, 478, 479, 480, 486, 

504, 

ater, 480, 486, 487 

brevis, 477, 478, 480, 487, 488, 504 

Typhlogeophis (Serpentes: Colubridae), A 

Review of the Snakes of the Genus 

Pseudorabdion with Remarks on the 

Status of the Genera Agrophis and, by 

Alan E. Leviton and Walter C. Brown, 

475-508 

Typhlogeophus, 477 

Typhlopidae, 461 

Typhlops vermicularis, 459, 461 

typica, Hydrangea aspera, 193 

typicus, Megacalanus, 257 

(Tyria) karelini, Coluber, 454 

Ulmus, 160 

umbellata, Cornidia, 149, 231, 242, 243 

Cuplaria, 99 

Discoporella, 99, 100 

Hydrangea, 154, 207 

Lunulites, 99 

umbonata, Fenestrulina malusii, 117 

Umbra limi, 540 

undosa, Astraea, 424, 425, 427, 429, 433, 434, 

435, 436, 437, 438, 439 

unicornis, Membranipora, 95 

Urocampus, 471 

Uromastix, 459 

asmussi, 461 

microlepis, 70 

Uromastyx, 70, 83 

aegyptius, 83 

microlepis, 70 

(Uvanilla) rupicollina, Astraea, 425 

Varanidae, 70, 453, 461 

Varanus, 70, 459 

griseus, 70, 84, 453, 461 

(Psammosaurus) griseus, 453 

varians, Scrupocellaria, 103, 135 
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varicolor, Phyllaplysia, 551 

velox persica, Eremias, 453, 461 

velutina, Hydrangea aspera, 190 

ventromaculatus, Coluber, 79, 455, 456, 462 

vermicularis, Typhlops, 459, 461 

vestita, Hydrangea, 164, 215, 216, 218, 219 

fimbriata, Hydrangea, 190, 218 

pubescens, Hydrangea, 215, 219 

Viburnum, 149, 156, 158 

cuspidatum, 222 

hirtum, 202 

macrophyllum, 149, 221, 222, 227 

prunifolium, 158 

pubescens, 158 

scandens, 205 

serratum, 222, 223, 227 

virens, 205 

Viciguerria lucetiae, 277 

villosa, Hydrangea, 164, 192 

Mairei, Hydrangea, 193 

sterilis, Hydrangea, 193 

Vinculum, 283 

Vipera lebetina, 459 

Viperidae, 82, 458, 462 

virens, Hydrangea, 150, 159, 205, 206 

Virginica, Flora, 149 

viridis, Bufo, 459, 460 

Phyllaplysia, 551 

viridissimus, Pandeleteius, 382, 419 

?V[iteral] subrupicola spelaea, 30 

vittatus brevirostris, Micrognathus, 469 

voyanum, Haplotrema, 29 

vulgaris, Hydrangea, 169 

arborescens, Hydrangea, 169 

Hydrangea arborescens, 169 

wallsi, Rhoicinus, 579, 584, 586, 598 

Walterinnesia, 81 

aegypti, 81 

wapleri, Rhoicinus, 584, 586, 600 

watsonana, Eremias guttulata, 452, 461 

Weberbaueri, Hydrangea, 239, 241 

weyrauchi, Rhoicinus, 579, 581, 582, 584, 587, 

590, 596, 599, 600 

Wilsonii, Hydrangea xanthoneura, 215, 218 

Xanthichthys lineopunctatus, 277 

xanthoneura, Hydrangea, 159, 164, 215, 216, 

Pilg, Ailes 
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setchuenensis, Hydrangea, 215 

Wilsonii, Hydrangea, 215, 218 

Xylophis albonuchalis, 496 

xyris, Scorpaenodes, 277 

yatesi, Ammonitella, 39, 40 

allyni, Ammonitella, 44 

yatesii, Ammonitella, 27 

allyni, Ammonitella, 27 

vayeyamensis, Hydrangea, 207 

yesoensis, Hydrangea, 222 

yvosemitensis, Monadenia hillebrandi, 25 

[Proc. 4TH Ser. 

Yozia, 470, 471 

yunnanensis, Hydrangea, 207 

zarudnyi, Diplometopon, 71 

Teratoscincus, 448 

zebra, Lythrypnus, 277 

Zonitidae, 29 

Zostera. 275.9552. 5735 O74 

marina, 550, 551, 573 

zostericola, Phyllaplysia, 549, 550, 551, 552, 

556, 558, 562, 568, 569, 570, 573, 574 

ERRATA 

Cover, Title; p. 1, Title; p. 3, line 10 from bottom; p. 14, line 8 from bottom; p. 17, lines 2 

and 5 from bottom; p. 18, lines 1 and 8 from top: for Panuliris read 

Panulirus. 

Page 83. Line 6 from bottom: for Aslsophylax read Alsophylax. 

Page 89. Line 9 from top: for Mambranipora read Membranipora. 

Page 99. Line 1, delete comma after rozzeri and insert (Audouin) Hincks. 

Page 459. Line 15 from top: for Bufa read Bufo. 

Page 461. Line 7 from bottom: for Emerias read Eremias. 
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